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oo " © DISCLAIMER

Mention of brand name of equiﬁt does not constitute( endorse-
‘ment or Fecommendation of preduct by the Environmental Protection
Agenicy. The information and findings presented in this pgber are

not to be construed as representing-official equipment design or

*

LI modification specifications.
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I INTRODUCTION e

nd M . . ¢~

-

Nl . The Environmental Protection Agency. hgion ViI,. Field Inves- .( o

tigations ‘Sg:tion has been responding to an increasing number of -
o

* requ%sts for infonnation resul ting from its water/wasteiv/e
1

\pling activities and ‘its experience with various commercta

S " and flow measurement devices. These requests have come ét
envi ronmenta] agencies, othér EPA regions, engineering consulting \
firms, commercial.laboratories, industries universities. vocati’onal
‘ schools, and individuais It is the purpose of th’IS report to k '\ a

‘ \\5~ . 'conso’lidate and sunmarize the activities experience. saup'ling " .

methods , and field measuremen,t te'chniques of thé Fleld Inv;tigations

- .Section in order to providea ready source "of info tion for these

TN R

‘. 4

] . .intenested partiess e ] 0T
During the past'two years there has been a dmad;‘.ic expan{on

~'

Sn demand for wastewat'er chemistry data on poiht soufce discha[ge? .
ot " “ and a concurrent sh4 ft “away from gelpral purpose stream- studies. T
In order to meet these needs and;o provide data for enforcement .
. ‘ efforts, comphgnce monitoring, ‘water quality standards evaluattons,
. and waste treatment i’n:ility operational assiStance and. perfomnce o .8
evaluation, the Field Investigations’ Section has minimized efforts. ¢ "
.requiring manual methods of sample co”ection and has p]aced '

-
-

IR .». 'i“C"GGSiﬂg rel'ianee upon Eommerciany available aqtomatic wastewater ;
e L‘ - sampl fng gqinpment..fi v ‘ o ‘
. ' o Enph'asis on point source sampling has been accompanied by a ’
/: o corresponding increase 1n .the need for hydraulic discharge {. :

. L .
1\} ! : -
N .
v .
’ 3
.
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' ;;r’§ the necessity.;;*?iow proportionai sampling of raw municipai i,‘

at

measurements for, thevpurposes of making up 10M- prqportionai

. '*sampies cafculating pqilutant ]oadings, and. setting effluent
‘ . 1im1tations Nith the hundreds of’discharges samp]ed every year,

the Field, Tnvestigations Section has been forced to resort to an.

ever expanding variety of flow measurement techniques as a resuit ,

_ "of the plethora of‘sﬁMéiing site configurations encountered in its -

fieid surveys .

As the section gained famiiiarity and experience with various

L4

compos{tors - and hydrauiic measurement methods amd with the accumu-
1ation df large voiumes'of water quality in:ormation, it becane
apparent that different sampling eguiment and - flow measurement
techniques resulted in’ significant data d1ss1mf1ar1ty These dis-
fcrepancies raised sevérai questions regarding (a) the reiiabiiityv
of various commerciai eunnp]ing equipment (b) the representathe-
ness of sampies coi]ected by different automatic samp]ing ‘equipment,
- {c) the variatdon in wastewater chemistry data which can be _expected
as a resuit of di fferences in performance of equipment and changes
Jn manuai collection methods,-(d) the adequacy of discrete grab

samp1e analysis for routine surveys, and monitoring programs,, (e)

wastewaters, and (f) the precision of flow measurement methods.

During ‘the past'tweive months the Field Investigatidns Section

- has mounted several special sampling efforts- and has extracted data {
7 N . .

fromvpast and cbntinuing surveys and has drawn ‘upon the collective

experience of the section's staff to gain insight into the pregeding “

14




la

considerations. 'This‘repért details the results of that,” twelve-

<o
mopth effort. .

R s

It is fot’the function of this report to‘seFVe as a substitute

"o : o .
for the' judgement of the professional in the field but rathér to

. provide a basis for the development of sound sampling programs and

to focus attention upon those sources of error and data variability

which theqsectiop has gaipEd knowledge of, often at considerable

" time and expense It is the opinfon'bf the Field Investigations

staff that data quality control should start in the field 1nstead

of the' 1aboratony .

-

As the experieq;e of ihe:secttpn continues to grow, as new

sampling situations age*encountered and as new equipment comes on

-the market - and becomes available to the sect*on for testing an&‘

evaluation it 1s expected that this report will be revised and

7 »
expanded{

o
-

-

£
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Ii STRUCTURE AND ACTIVITIES OF 'IHE ~FIELD INVESTIGATIONS SECVION

LS
g

The Field Investigat1as ection, wmch 1s 1pcated in the
offices of the EPA, Region VIL La oratohy*, consists of eight.pro- ‘

fessionaT and subprqfessional enmloyees who are responsib]e for
) - 3

planning the f1e1d syrveys- and samp]e co]]ect1on activities of the

Surve111ance and Analysis Division. Thls division, w14;h~1ts 1abo-

Ve

~ratory c;pability, provmdes the waté& qual1ty information of~ the

;aggncy in the four-state ‘region” of Mlssourm, Nebraska, Kansas, and
Co—- . 1 *

Iowa. ~
. Q

The Field Inyestigationﬁ professioQa1 staff idcludes two

2

sanitary engineers (GS-13 and 11‘), one chemical ingmeer (GS-11),

. and one hydrologist (GS-9). The subprofess1ona1 staff consists of .

.

four enginéering technicians "int.grades rang1ng from GS-3 to 6. The .
regional laboratory, with a staff of eight professional chemists
(65-7 to 13) and three mitrobiologtsts (65-7, 9 and 12), is respon~

sible for'operating the mobile labbratqrié§ of the section during

Y
Y

field surveys, .
In areas outs1de the range ?n which analytical support can be .

proyided by the regional 1aboratory, f1e1d.samp11ng‘teams;norma11y,

operate with?n a 161-km (100-mile) radius of a mobile }aborato;y

which is generatly set up at a.qutewater JLeatment fac31ity in

2 community within the aréa:of/fhtergst. _Because of logistics

problems in éome of’the ﬁore spa}sely poputated areas df,tye

) region, it is frequently necessary to wo}k field teams putside of
, ". . . “f

* 25 Funston Road, Kansas GTty, Kansas 66115

"16-




.

this 161-km (108-mile) radius. Ten to twenty -five percent of the

total field activity may be conduoted gt distances Jup to 322 km

(200 mﬂes) from the Waboratory base. " Operating at these greater f\,f\y
7 distances reduces the section’ capabﬂity by an est1mated fifty per-

cent ,and greatly 1ncreases tbe unit cost of sample collection.
Prior to mounting a sugvey the section makes every effort to

ascertain and consolidate the various .data néeds of the agemcy and

) of the state in order to avo1d dupHcatwn of effort and to n1n1mze

the number of laboratOry set ups It requites a minimum of one wk
Wo ten days ‘to ptepare and’stock a mobile lhboratory; get it on

site; have .electricity, ewater ‘and phone installed; and then torn
down and tumed to J(ansas City fonovnng canplet1on of a survey. .
If poss1b1e. field activities in areas nequir1ng mobile laboratory 7
support are rvestr1cted to surveys of th1rty days durat1on; or.

* Yonger. ’ . ' . .

. Major field equipment. cu‘rrently avaflable to the Field Inves-’

tigations Section,.in addition to analytical equipment permanently

* housed in the regional laboratory, are listed below with the

. approximate initial Costs: -~ ‘
. o ! ”» T R
1 Mobile Laboratory : - \$15,000
1 Mobile Laboratory (on Toan) .
* " 7 GSA-VehicTes (monthly operat1h§ cost) 800 =
5 Boéts and Motors ; “ ) 5,000
"50 Composite Sample.Collectors " ,
(apnroxmately $560?’each) © 28,000

’ N »y ) , . \
, ) \1 l . . -




4.
i .

Fow Recording and Measuring E.guipmeat* . $6,600
Cur\re,nt' meters. ‘
Weirs ‘
Float recorders
.Condu;:tance liquid le-vel_recorders_

Field Analysis Equipment

’
’

pH maeters

- Conductivity meters '
Fluorumeters |
Disso1véd- oxygen meters
Songr depth metér% .
Portable Generators v‘ ?_ - 1,200
Metal Detector o _ | 300 -°
T%e sect1on attempts to~care‘fully review the locations' to be
"@sampled 'in ordeg. to 1im1t sample collection and to reduce "the
"analytical work 1oad on the laboratory to the absolutefmin requn'ed
to provide tﬁe jnecessary mfonnatlon “In the rou}ine monitormg of
mumcipal wastewdter treatment facilities, the section nonnaHy
. ut1]1zes unattensed compos1tors to collect three 24-hr composnes
at atl 1nﬂuent and efﬂuent stations. . Lagoon efﬂuents are
generaHy grati‘gampled due: to the mone unifOnn oharacter of these
; dlsc’har‘ges .J. ‘Schedul NGy three days of samphng at each site aHows
. the section some latitude in the event gf compos1tor malfunction or

missed dﬂutions 1n the labqratory In the absence of any evidence

A ”~

~

* See C!'\apt'er v
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l‘ s , . *
- . v \ . .
_— . . . . \ ,
) . - . . . " ST e , o
- . " R 7 / . ~
) S o" .
dicat, nh s mﬂ' ant 1mu>tv 12 waste problem, data co]‘rected A ‘ .
on mumc1pa1 wastewaters 1nc~]ude. R ‘. ‘ o, :
Water tempera-'ture' . L : ‘o ‘ . v
r r. R ‘ L
Flow (mstantaneous or congmdous dependa-ng upon plan't oy :
- .
recorders and/or 10w measurement‘ dev‘ices) P S
. . . . - .
 PH AL ; o N et e v "
Specific ‘c.onductance - A ST Lot L St T
. . .- ] . ’ ! - - .
., < : - o ¢ \- . 'I .
., Fi ve- d,ay b1ochem1ca1 oxyge@, demand\r L . wo sl L
: Chemca] ougen demand .,“ D N Lo .'._g ST
. ,A'.Nonfﬂterab1e sohds (Toba] suspended s;phds) - Dot g
o e AR " I j
' Armon'i a mtrogen S ff,"n..ﬁ :-:,., Ll e E
. . et g PRI . . . ,'- o' R N s r i >
. Total kjeJdah] nitrogen - SR T s RPN
Nifrite-njtrate n'j*tlrogen‘ R ‘ L _‘-' g ‘o ‘j'-;-- .-5. . ey '
Total phosphorus . . . .. . R I RIS _" P s
.. i . ,. . - ,“ ‘. ‘J\': \“ :... LN y . + ¢ < ., I‘.q . d"' N
, ~ Fecal coliform CRRY r.‘ Tas ~ & R PR ]
' }ndustma‘l wasteWaters‘ off‘er almost’end}‘ess var‘lety and ?t‘ 1s ,‘ ‘
[ 3 -
difficult. to generahze samphng efforts‘ Cumnt mdustria] sa‘m- .
phng has been orfented toward a 9- day wOrk pendd at éacb plant -
‘with unattended-mechanical tune-corhposne samp1e col}ectors L >/'- i
msta]ied at each pomt of’ 1nterest, .Samp]e coHectJon permds L \
— K
are genera]]y 24 h!r and sampies are sth with company personne] .
'AnalytncaT meqmrements\var;.y widely but genera]]y 'incl ade tﬁ? same .o
anal’yses as for municipal wastewaters p]qs severa] meta] analyses
and /‘rocuent]y 011 and grease Those 1ndustr1a1 wastes wh1ch .
f“"u* re use of tte gas chromotograpny-mass spectmmete( GC-MS) for '
- ~ N . . i ) / . 1() . . . - s N ’ ’ .




anaTyses,requ1re ana]yt1ca1 t1mes which are onders'of‘magn1tude

greater than the t}me necessary for other determ1nat1ons . A(sqng1e ’

sample for GC-MS an&1ys1s can demand as much as one ‘man-month of .

K -

!

'profeSsionaI analytical time. . . . Lt s

¢ .‘

Under favorable conditions a mobxle 1aboratory field opératton

works best wwtﬁ a crew of Seven people 1nc1ud1ng (a) two eng1- -

il L]

Aneers, (b) tw& eng1neer1ng techniciahs, {c) one cheT;?; (d)'bhe

microbiolagrst, and (e) one']aboratory techp1c1aq. ork1ng
entirety within a'161-km (100-mile) radguswqf the mobile ]aQo?a-v)
tory this staff (which is ré%ated at 2-wk inte?;ajs) would be abfe .
to instali édmpositors and COIIeat.gpproximately 100 samples per

wk for~H2ld, and ]aboratory analyses Total time and cost for a

1 I

L J

'30-day-field survey is estxma{bd as fo11ows

Engineers "
-1 man<month office preparation

/2 man-months field work ~

T

. , .
' _i;\ .2 ﬂwn-months data analyses and report writing
E_gjneerlng,Techn1c1ans
/ 1

_ 2 man monahs moblle 1aboratory and equ1pment

.

repawr qnd preparat1on _ -

4 ﬁan-mon;hs field work -

Laboratory Persprinel - _ '

—

6 man-morfths mobile laboratory work ~
6. man-mohths reqgional Yaboratory analytical work
- Clerical o -

.2 man -morths p]ann1ng and report preparatlon

50
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o . Salaries® ..~ T ’ - $23,500
" ber Dien - - 130
' Travel of Personnel ‘ - , 400
Governmw of Ladings . ‘ o . 400"
© ' Vehicles SR . 1,000
) ~ Miscellanequs Equipment -, 1,500
i (Ice, batteries, containers, .
utilities, chemicals, efc.)
. $34,900

‘ Al

’

This results in an average .cost per sample of $85.25 for survey
work not requiring use of the GC-MS. The cost for estimating pur-
) 'poses should be raised to.$100.00 per sample to cover management

. and other overhead..

* Salarfes are multiplied by a factor of 1.2 to account for com-
pensatory time allotted following the 10-to-12-hr, 7-day-a-week

work §chedule normally.used in the field. R
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I11. "SAMPLER RELIABILITY, INSTALLéTION, AND OPERATION

e

- .

A. SAMPLER RELIABILITY

-

_ Within the past two yr the Field Investigations Section has

»

-purchased flfty commerc1a1 compositors of flfteén makes and models

,and as a result of numenous surveys, has collectively accumulated
appnox1mate1y 90,000 hr of f1e1d operational exper1ence with the
units on municipal and industrial raw and ttyated'wastewaters under
summer and winter conditions. This experience has!pointej out
design weaknesses, operational difficulties, and maintenance-prqb-
lems and has given the section an understanding of the capabilities
and limitations'of each sampler. | ’

A previous evaluation (1) of commerc1a]1y aval}ab]e samplers '

reported ¥fttle in the way of field operational information, It-is -

. believed that this summary of on-site experlence with these instru-

ments .will be of value to others in the water pollution control
fie]d in selecting compositors for speciffE’applicatﬁons and in
tﬁ

avoiding some of those operatwona] problems encountered by the

Field: Investigations Section.

1. SAMPLER INVENTORY - ,//

TaBle I is an inventory of fourteen various makes models
. > N

of commercially available compositors which the Field In stigations

Section has used rOutinely on field sampling efforts or has gained

-

some experience-with, courtesy of the manufacturer. °’be section-
ﬁ]SO has two additional conpos1fors which were either spec1al order

or were- made in the‘laboratory, however, as these are nons tandard,
‘. =
Ow -

o £ 1
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‘ , TABLE I ' : ‘
E 4 ’ .
. INVENTORY OF AUTOMATIC WASTEWATER SAMPLERS™ - _
] ' i i
' . Intake Liquid
Power* | Type Of Type Of Tube Intake Purge .
Sampler Cost Supply | Sample Pump 1D Velocity Cycle
m(a) | cm/secid)
Sigmanotor WA-2 250 | - ACy | Time | Peristaltic| 3.17 7.9 Mo |
S1gramotor WO-2 650 | AC-DC Time Peristaltic | 3.17° 7.9 No
Braglsfora EV-] 2683 | AC-DC | Time or | Vacuum Pump | 4.76 0.45 “°§
N Flow
Bravisford DU-1 | 325 0C | Time or | Piston | 4.76 0.45 No
. Flow
Brailsford EP-1 300 § DC Time Piston 4.76 0.45 Mo
Hants Mark 38 595 | Manual | Time Manual 5.35 75(d) No
.. Vacuum Vacuum
1sto 1391-x 995 | AC-DC | Time or | Peristaltig | 6.35 21 " Yes
. Flow 1. -
1SC0 1392 , 995 | AC-BC | Time or | Peristaltic | 6.35 6 Yes
Flow |- - -
$irco MKVS? 1,275 | AC-0C | Time or Piston 9.52 | 98 Yes
Flow
Pro-Tech (G-125P 580 | Gas Time or | Gas Lift .17 207 Yes
Flow .
QCEC CVE 620 AC Time Piston -| 6.35 | 61-152 Yes
Nzon Scout 450 0C Time Peristaltic 6.35 7.6 Yes
N-Con Surveyor 275 AC Time or Impeller 1\2.20 36 ‘Gravity
N Flow B
N-Con Sentinel (<) | Unknown | AC | Time or | Optfomai M| vartapre N
Flow -
K
[t LY v
(a) Multiply by 0.0394 to obtain inches R '
(b) Multiply by 0.0328 to obtain fps v
fe) Loaned Courtesy of manuficturer
{d) Meap » \
. , '
v, 23 .
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The names and -aadresses of tne manufacturers of the compesi-,

< .
tors shown m Tab]e I can be found in tne appendix The tost

~

f1gures ‘or each tompos1tor represented the ba§1c unit on]y and do

“

-

not ref]ect such optional extras as rechargeable battery packs y

ftow-proport%oning'devices, or multiplexing units, etc. Type of
sample refers to whether the‘*ﬁstrument is restrigted Lo taking a
. ‘ . b . \ ’
timeiéomposite.Sample or if it has flow-proportionalicapability
. . \\

(opt1ona1 extra) It can ba seen that mpst of the unfts can

collect both tybes of samp]es Iﬁtake tuee 10 and 1iqa\d fntake.
ve1oc1ty refer, respectively, to the inside,diameter of the sample
intake‘11nf and to the velocity of the liquid in this line during
the‘samp¥1ng cycles Table [ a]so indicates whether or pot the"

sampler hasy a purge cycle to prevent ﬁosé clogging and to reduce

cross contamination of discrete samples or aliquots,

a. SIGMAMOTOR MODELS NA 2 AND ‘WD-2

7

The operation oﬂ.ﬁhese twa ,compositors 1s 1dent1ca1 with the

exception of the a]ternate battery pack power ;ource\bp Model WD-2.
] ¥ [y

These unlts rely on%a t1mer and peristalt1c pump for co}ﬂect1on of

\
t1me7compos1te samples. Six of these units have been used\{or
wd '

several “housand hours of running time} The units are ddrab\e and

easily installed ip manho1es. Routfne sampling. with 4 5-m (15-ft)

v

heads 5 possict-.  Beratiia of thne 3.17-mm (1/8-1n.) ID 'ntake 11ne )

.

and tng 7.s-_ Jsec (0.26-fps) liquid ontake velocity, tnese units




> are pest suited to vaste streams without .large or high density

; !
suspended material. :

Field use has revealed some dpeﬁationa1 pfeb]ems with these
units. These compositors have;fd ey-pass'switch on the timer and
. during installation it is neEeesary to reset the timer to zero
several times to cgegg‘the operation of the'pump brior to'sett1ng
the timer to the appropriate sample collection cycle.
_ The hotor'unit of ‘these compositors is at the bottom of thé
fiber glass case which has a 1.2-cm (0.5-1n.) Tip on it. If the

-sample container overflows, this 1ip will retain enough water to

shert out and permaneetﬂj damage the motor. This situation
occurred during one of the*field serveys of the section.hnd motor
replacement cost was $37.40. ‘ '
Battery operation of the HD—Z\mode] s restricted unless
. extra batteries and recharger are ayai]able. Only one day of
| operation is possible from.a fully charged battery pack.
b. BRAILSFORD MODEL EV-1 ' "
' fhis'unit coHlects a single 3.8-1.(l:§a1) sample during an
" 8-, 16-, 28-, dr 48-hr period. Operation is dependent upon a
eacupm pump and metering chamber Maximum pumping head for this
COmpos1tor is about 1.240 178 m (4 to 6 ft). The unit w1la operate
continuously for five days on a 12-v, rechargeable battery. For -
relfable operation this compositor should be installed level and
the metering'chamber‘cleaned-at frequent intervals. A build dgp of

L

solids in the metering ch%mber will cause the float to stick and
\ s

. 25 o~ A
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-« .can be by- gassed

N N .
. - . -
.
i
B ’

w111 reSuat in 1ncomp1ete comp051tes Because otothe small- diam- \

“3
eter samp]1ng hose and Tow 1iquid intgke veloc1ty this sampler is

best utilized for samp11ng wastewaters with low suifended solids

¥
) . - ¥
concentrttions ’ . . d

¢

* With an optiona_l' head detector enta suitable weir this unit
will collect flow-proportional samples.
. c. BRAILSFORD MODEL DU-1 "

This compositor utilizes a sma]l piston pump to col]ect a

4

single 7.6-1 (2-gal) samp]e over- & variable time period. When used
“in conjunctionswith a‘ﬁinear head detector and an appropriate weir,

th1s c0mp051tor will col]ect f]ow prOportlona1 samp]e§‘ The

instrument, w1th the eifedtlpn of the optional head detector, is
1se1f—conta1ned and can be easily installed in a manhole.

~

of the sample bott1e 1s.prevented by 4 .fleat acthated cut off

Overflow

- switch wh1ch fits in the top of the bottle. " - This, switch is sensi-

t1ve to positions from vert1ca1 and necess1tates 1eve] 1nst§11at10n

- )

of the compos1tor If rout1ne servrcing is assure%\ th1§ ﬁ?ttch
Max1mum head is about'1.2- to 1 8m (4 to 6 ft).
Battery vo}tage must be checked rout1ne]y on these un1ts:
Hhen ‘batteries under power show ]ess than 5.5-v, they should bd
replaced Iron and/or. 1ime precipitat1on and . scouring of the
piston chamber has been a prob]em w1th bo11er blowdown and water
plant, wastes "RThe dlscharge nipple of the piston pump is in a

restricted ¥ocat10n behind the pump mount1ng plate. Attaching

tub1ng to  this. n1pp]° is d1ff1cu1t especially under w1nter f1eLd

- N .
.o N , :rb -
. - ‘
.

L]

e

- -

a
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cond'itions ’ Because of the 4. 76-mm (3/16~in.) ID intake line and .
. sthe 0 45 cmfic (0 18 fps ) 11qu1d mtake ve]ocity, this sampler is

best used on waste streams with 1ow sbspended solids concentratio@

L3

&BAILSFORD MODEL EP T ‘

This compos1tor is an “exp]oswn proof" unit w1th a cast-
a]um1num housing on motor and 6-v 1antern battery poger. source
.Samphng, is. by a p1ston pump with a stroke whm,r’an be ad,;usted
“for di'fferent sample volumes or composite per1ods The unit does
not have flow proport1on1ng capability. Head 11m1 tat1ons are ’
about the same - ‘as - for-the Brailsford EV-1 and DU-1. ‘. ‘
0perat1ona1 reHab1th of these unjits has been very _good '
with wa§tewaters hang Tow suspended sohds 1eVels Because* of
the relatwe]y 1ow cost of t/:hese compositors, they are the un1t of -

. choice An s1tuatjons where/equ1pment secur1ty is m1n1ma} and van-

daHsm is of concern. 6he of these samplers su;tamed a shotgun

b]ast with m‘lninlaT damage

One’ operat1ona1 difqﬁculty w1th ‘the 1nstrument is the necess1t_y
’of having to remove. nine sc?%ws in order to get the a]ummun back,
.’p]ate off to change or«check the battery Th1s procedure 1s tdme
. consuming and 1t would appea'r sthat a des1gn using'a spring loaded ~,
ﬂ clasp of some sort would b Just asgerfectWe Inadvertent]y,, |

- "

these units have b?en totally submerged s_everal times and have, -

; g
cont}ﬁu{d to operate “h

rs as there is no gasket between the ¢« - -
back p]ate and the motor housmg, they will adni't water. g ether . ol
< - .
or not these un1ts are actually exp!oswn prooﬁ haM: '
LY

determ1ned by the authors'
- . " - ~ . .

L - L3
" Fl . -
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' poss1b1e bias “in the sample data.- g

& MARK 38 , S

~ This sampler is a vacuum operated samp1er¥wh1ch col?ects
twelve discrete 400-m1 (13. 5¥oz) samples at time- intervals ranging
from 0.5 up to 12 hr, depending upon the part1cu1ar Spr1ng-wound
timer that is 1nterfaced with 1t: ~Samp1es can be anaﬁyzed Jnd1-

v1dua11y, combined on an equal volume bas1s ér proportioned on

‘ the basis of readings taken from external f10u meaSurinh equip-

mene The sample bottles are evacuated by means of a manua11y

s, - e

'operated pump supp11ed with -the unit.

. v These compositors-are. re11ab1e. relat1ve1y well constructed,.

and almost goof proof. Because-of the high 11qu1d velocity. these

”

hnits are well suited for sampting wastewater w1th high solids

Tevels. S

This-un1t hasﬁ@ sep?rate 1ntake tube for each sample con-
ta1ner and 1t is’ dlﬁ\:curt-to‘hdequately clean these twelve intake

11nes in thej'ler The large tybe rtest and screened 1ntak§ make

‘\t 1mposs1b1e to use ¢h1s compos1tor in ﬂow vdocnnes abwe
0.46 m/sec (1.5 fps) or’ 1n depthé of 1ess,than 15 om 6 1n ).
A1so thF screened 1ntake is notgijeam11nEd and tends to co11ect

sol1ds whwch should be removed at frequent 1nterva1s to avoid

-

Replacement’ parts are not ngad11y avaflabie for this sampler

P

since the Unlted States d1str1butor does not maintain an 1nventorY

3

and needed 1tems must come from EngTand Parts orders take more

“

than 51xty Gays, even fur the 51mpTe>t 1tems, and thie ‘company w111'

not accept parts orders fOr‘Wess than 525

e
= LR}

S e
~ ’?‘_J .,._t 28 — -V .




F£ 1500 MODEL 1391-X -
The Fielg Investigation; Section has_accumu]ate out 1,500
hr of experience with three of these units Shd has had minimal -
. operatﬁona] problems with them. As many as 28 discréfe;OSOO-ml .
~(ﬁ7-q;) saméles are collected gt a preset time interval by a
peristaltic type pump which purges the intake line after eacﬁif °
cyc]e; .Flow-proportiona} sampling is poss%b]e bﬁéinterching the
* unit with a flow métering device or by .manually compbsiting indi-
i dual samples according to an external ?1ow’ﬁgggurement record.
b The unit is self-contained operates frﬁm either line or
battery power source: and is designed to fit in a manhole' The
'bottom half of the unit, which holds the sample contﬁiners is
insulated and has room for about 2.3 kg (5 1b) of ice. Data com-
piled by the se®tion (Chapter IV) wouldijnqicate thaf these units . A“'
are best su}ted for sampling wastewaterélgith Tow suspended soliQs
. concentrations. )
_ The on]y s1gn1f1cant operat1qna1 problem has been due to
g occasiona] c]ogging of the ‘intake line. Al'though the pump back '//
» cycles after each co]]ect1on 1nterg§1, this is not alway§ sufficient )
to clear the Tine. The case of these units is molded of a black'
o Plastic and the manufacéurer suggests that the units be painted
ew. White 1;1@ are to be operated 'in direct;unlight  This N
precaution will increase the Iife of the e]ectrohicsiand of the

) 1ce in the sanple container. In warm weather, ice will not last

for 24 hr in these units. " ”

.~29, ‘
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As cf this writing, the Model 137 45 no longer being produced
and-has been rep]ace& bi.the Model 1392 which pas a higher-liquid
The 1391 can be modified at the factary to- -

—

ield Investigatiows Section

’

intake velocity.
se the intake velscity.

i The F
has ha” 1*5 three unwus modw‘wea at a cost of $1°5 each’,

-
€t

“

g. I§00 MODEL - 1392 _
g .-
The sectign has accufulated abbut 600 hr ¢f experiencé with

This model islpraﬁticale(identlca! to the,

fou; of these umits.
1391-X with the exception’ of the Tiguic intake velocity which has

in an, attempt to improve

been increased to 61 “cm/sec (2 fps) .
' The watar chem1stry data accumulated

s0lids capture efficiency.
. 5 »
bv the section are foc 11m1ted to determrne whether or not th]S

unit can eflectively be used on hwgh solwds level wastes
{
. T

-
,
’

o 'n

h. SIRCO MODEL MKV7S
Field exoerwence w th this un1g has been :1m1fed to about 300

. ~e

h' o‘ opnratlcn of a mode1 wh1rh Wa's 1oaned to the section prior
The primary reasons for purchasing

to rece1pt of its own sampler
this instrument were (ﬁa AC-DC operation, discrete (24 bottie)

samo’e co]]ectwon, and the h1gh 98-am/sec (3 2 -fps), liquid

intake ve]ocnty which was be?ed to be more suit table for high
AS

a  solids level raw wastes. i
To date, field use has'not revealed any cperational diffi-

culties with the samp]én; hawever, cleaning of parts which come

in contact with the sample is'%qmewhaf laborious

-
LN
v r
J0

-,

o




‘deta11ed operational informatton. . :

. 19 *
-——\‘ . ? ‘
The un1t purchased: by the section was cheéked out in the

K%

e

laboratory upon arr1va1 and several def1c1enc1es were noted:

(a) po]arlty of battery was reversed and not as 1nd1cated on bat"
tery term1nals, (b) an electr1ca1 component and some wiring were
burnt out and were replaced at a cost of about twénty dollars and
(c) funct1ons of e]ectr1ca1 toggle sw1tches on “the instrument panel '

were not well marked, i.e. off-on switch reads left to right and

switch moves vertically. The operation manual supplied with this

'un1t is extremely "sketchy" and shou]d be ‘expanded to give more

-

x

The precision of thefdisbrete sample volumes was also checked

out in the 1ahoratory by putting the intake line in a container“
f111ed with tap water and running the Unit through the 24- bottle
col]ectwon cycle. With a mean sample vo]ume of about 280 'ml (9.5
0z) " the standard deviation was *30‘m1 (1~oi). One reason for this
variation is _due to the desigp of tne sample c0nta;ner comparunent
which ts a round plastic tub and the 24 sample bott]es which a
wedged shaped segmehts of the. samp]er compartment Although th/;zr/
is a reta1ner plate to ho]d the sample bott]es in pos1t1on ETE»
bottles are somewhat unders1aed in re]at1on_to the d1am of the
container compartment and there ss an accdmulated space of about

~

1.3 cm (0 5 in.) in the 24-bottle sample ring Consequent1y, the
mouths of the saMble bottles are not self-centering with respect
to the stops of the sample distribator arm. This space is suffi-

'

cient to allow the arm to distharge samples outside the mouths of

i

31
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- the meter1ng chamber.

. -
. .
T L 4
.

some of “the sample bottles and: fown into the plastic’tub. Another-
reason for the samp1e vélume variation is the h1gh veloc1ty of the

sam’l\e‘as i't enters the meter1ng chamber D1screte sample volumes
are- controHed by the vert1ca1 spacing of electr1ca1 probes w1th1n
Tne turbulence in the m&termg chamber as a

result of the Tiquid “ntake vﬂoc:ty is s’uff1c1ent to vary the

= water 1eve1 at wh1ch the e‘lectr1~ca1 probes Sense comp’letion of the

*

samp'l'lng cyde. C . o N\ o

-

. + PRO-TECH MODEL C6- 125p L ;

.

e .

Two-of these compositors were purchased because of the

exp’los1on -prqof featune and because of the part1a1 purge of the

a

1ntake screen dur1ng£ach sampHng interval. R

! This unit 1s pressure operated w1th small can1sters of freon 4 |
1 ! Lt
gas and co]lects ‘a s1ng'|e 3. 8-1 (1- gaJ) sample over a Var1ab1e

JWith angptional sensing dev1ce ‘the 1nstrument wﬂ]

a

time” period

coHect ﬂow proﬁortional samples. . . .'v° ’

Personne1 in the\ Field’ Investzgatxons Sect1on have accumulated

about 600 hr of experience vnth this compositor and have been

\
p]agued with minor problems related to poor assembly Most of the
case screws have faHen out at one t1me or another and al] mternal

Hoses ha¥®been replaced- due to leaks in tNe gas system. When -

_. repaired, the samplers perfo-nhed very well on wastes 'with high

solids because of the screen area of the.intake and the, purging

action of thewds flow. , ~ [ ¢ -

.




*

' Expemehce has revea\éd several ,ratmnal ‘d]ffi culties: _\/ , ..
" (a) the 22 3-cm (9 -in. 1ntake sample chanber must be installed
' verticaHy in thé waste strean/and requ1res about 30.5 cm (12 in.)
,of'later for. re]'iable operation, (b) cons1derab1y more. 1nd1v1dua1
eXper:t1se§1s reqm re‘d to obtain satisfactory p‘erformance w1th th1s
_unit than with other cqnnpositors (c) the unit is. d1ff1cu1t to
repa1r and servdce due to restricted access to the case 1nterior.
and (d) the design is such that only a 3.8-1 (1-gal) sample cop- )

=

tainer can be- housed 1nside the case.

N j. QCEC MODEL CVE ) : )
. These samplers were developed by the'Qou Chemical any and . .

are made under Hcense Sampler operat16n is accompHshed by a

solenoid- controlied vacuumww similar to laboratory pumps used by
< B m1crobiolag1sts for MHHpore f11trat1ons. The varfable tiner
acti vated pump draws samp1e porti ons. throug!'l a 6.35-mm (0. 25 in.)
'ID tube at a ve1oc1ty which can be adjusted from 61 to 152 cm/sec
(2 to 5 fps). The 1ntake and discharge Tine of the unit are blown
clear before and after each sarrpHng cycle, Equal volume sanp1e:
increments composited at a preset thne interval or accord1ng ‘to

© flow based on s1gna1s from externa1 ﬂou metering .equipment ane

drawn 1nto a 3.8-1 (1- gal) glass jug. |
' |

_Because of the high vacuum and the purge cycle this un1t ’ |
seldom clogs and is the compositor. of choice fqr sampling raw

-

wastewaters with high soltds levels.

‘Use of these units has revealed severa1 operationa1 defi- ’ -

v

) ciencies: (a) 1id retaining straps break and '’ rubber gaskets :
Q : ’ : _ ‘3‘3 . a %

»
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e “ .,
< arcund the edqe- of the fiber qlass cdse have to be reglued on »

regularrba51s (b)'samples have frequent1y been missed due to Ioss

- o’ wacuum in the sictem, vacuum Toss comnon]y oceurs at the: mouth
ar.
. ' . of the glass jug sample conta1ner becaus&sof v1bratwon or tempera--

v 4 ’ ture «hanges which cause the rybber stopper to Tose-.its sea], screv |

caps over the stopper have been used to rectify thii probiem but

_ are an inconvenience, (c) if-one wants to use’ the f-contained

*sampTle container compartment sample volumes -are limited to 3.8 1°
(1 ga ) because of space restrictions, (d) because the compositor

e ' draws a vacuum in the sample container g]ass containers must.be

-

ﬁ»> ' o used, (e) the sample container compartment ig not ihsulated and ,
. ’ ) L o
1ce tannot be maintained for a practical length of time, and (f)

the sampier is not suited for installation in manboles or other,

~

« restricted areas becausékof its weight and gpparent]y_unnacessaril} ‘
1a?ge bulk. o ' -
k. _N-CON SCOUT ’ T : ’

. The F1e1d’Invest1gat1ons Section has owe of thgig,compos1tors

in use. They are a well-made, DC-powered unit equipped with a
. x

> \—. . 3 e . —/ 3 .. N .
4 peristaltic pump and a very flexible timer. .This inStrumert is
- t
. suited only ‘for time-composite samples and because of the 7.6-cm/
N !

sec (Q.ZS-fpsi }iqu1d intake velocity it s best utilized on.
wastew;tgrs with 19@ concentrations o% suspehded solids. oo
Although the timing mechanism is soheéhat complex qndofragile.
. this unit is préferred Qy/the Field Investigagions‘Secxioﬁ 6ver
other similar samplers due to the self-purgifig feature, DC

capability, and. Tower cost.

ERIC | .3

—
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M -CON SURVEYOR

/

Operational problem5y1nc1ud!'!ﬂe 11m1ted 1 8-m (6-ft) suction
head and a 12.7- mm (0.5- 1& ) ID constriction Qn the intake side of

the pu.p wh1ch is threaded for a standard garden hose coupling.

"-

This constr1ct1on has been a constant .source of clogging when the

v “s. -

cgmpd'1tor is used tc sample wastewaters w1fh appreciable suspended

solids concentrations. An additional prob]em is the diverter tube
1 ;

wnich transports about fifteen percent of the throughput to the

sample contained Th1s tube must be kept above the- Tiquid level

¥ the sample container or back s1phon1ng of the sampl7/wv41 occur,

Transoort through the diverter tuble seems to work besf when back.
-

. eSSure on it is ma1nta1ned by raising a port1on of the intake .,

line to an elexatvon which is above the po1nt where tnhe diverter

Y

tube couples to the pump, Lt o

m. . N-CON SENTINEL

Y

The Field Invest1gat1ons Section does not have’ any of these

v

' compositors and exper1ence has been 14m1ted to about forty hours'

of operation on a raw waste with a unit prov1ded courtesy of the

— e

manufacturer ,

This is the only unit the section s had the opportunity to

v
~evaluate which has a refrigerated sample contamner compartment. In

e

- operation, a,pq;;;gn of the waste stream is continuously diverted

to an integral through samp11ng chamber by grhvity or external

“pEmp.  In the sampling rhamber a dipper arm rotates through an arc
[

of dpproximately 90 degrees at a_preset time intervalrpr n

»
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response tu signals from “an 1rtegvae1ng flow meter and co]]ects a

e - sample from the d1ver;ed waste stream. As the d1pper rotates above
K

level, it pours the collected aliguot intosa funnel which delivers ~

L4

jt to a container in Fhe refrigerated.lumpaftment beléw. ) .
Alehough this unit appears to be almost clog proof, tw;ffea-

g . tures were noted which could poss1b1y ‘bias the representat1veness
of the collected ¢omposite. On the model tested the discharge ‘end

» of the dipper was not centered over the funnel.. On the upstroke of
the dipoer arm during a sampling cyéﬁe, the digper‘wes observed to
eour some.of the collected waste outside of the funne’l and back 4.
into the flow-through, samp]ing chamber. It would :;pear that'

heavier Suspenged material could have been lost. Secondly, the

sampling chamber has a re1at1ve]y 1arge cross-sectional area with a°*

s f1ow-through velocity h is dependent upon the volume of water
supplied to it. This increase in area and corresponding decrease
in “velocity could result in heav1er material sett11ng to" the bottom
of the samp?ing chamber below the reach of the dipper arm.
This sampler because of its s1ze, 0.64 x 0.79 x_1.52.m .
(25 x 31 x 60 in.), and wei?ht, 113 kg (250 1b), 4s best suited for
1ong-t5}m-or permanent moeitor1ng programsz'\ -
. 2. INCIDENCg_OF SAMPLER MALFUNCTION . .
The information presented in Table II shows the incidence of
ma}funcfioh ef'51even d{ffe;ent makes and models of samplers. These .
data resul ted f?om two surveys of 1ndustr1a1 and municipal was te-

‘water treatment faciiities 1n tie greater Kansds Lly hetropo..ean

o . . " Area. : : o . 36 [ : D

N
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Referrfrg to Table Ii‘ the data show the total number ‘of times
.- each sampler was ufed as we]] as whetherwfshwas used on raw or
treated waste. The reason f0r the lower use of compOSTtors at -
effluent stations was dide to the number of lagoons included in the
.surveys. Lagoon effluents werg manually grab sampied. .Incidence . )
)

—ot sampler farlure is also broken down as to influent or effluent
- 4

station.: Those incidents of failure are ehly those instances 1in ! ~/L‘
which 5 24-hr composite nas short or missed altogether as a direct ‘
result of a sampler malfunction which‘could not 'reasonably have
. been preventéd by the field sampling team. ‘The predominate zause
' of malfunc¥ion was plugging of_the intake lines with suspended
. .. solid mater1a1, secondary causes included 1oose ‘tubing and assorted
hardware. n cons1der1ng the data on the three Brailsford samplers
(DU-I,VEV—T, ang EP-1T, it _should be painted out that these units
are tenned effluent samplers by the manufacturer. However, because
of site condyt1ons and the "absence of 1ine current at many sampling
points the sect1on has found it necessary to use these compos1tors
. ;- on raw wastes. It should also be pointed-out that the datain
Table II do not include a1 possible combinations” of’_field team.
‘personnel and, therefore, could be biased as 2 result of differences

in field -routine and individual expertise 3f team members.

”
.

Stat1st1ca1]y, the data are_too 11m1ted to recommend or reject

any particular compositor; however, it is apparent that sampling of
L
raw wastewaters produces the major number of compos1tor malfunctions
/
ANC tnat consicerabl, more reliable operation can be expected when

-~

Samplihg tr€ated wastewaters. Q-

L
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TABLE 11 °
- ) 4
/ .
- INCIDENCE OF SAMPLER MALFUNCTION .
' ° re
) - N
I ) -
. . . /
0 e‘aH. Influent Sampling Stations|Effluent Sampling Stations
- . ver
Autoratic Total{Total |{Failuref Fallure ‘ Failur
Wastewater Times|Times | Rate Used | Farlure | Rate Used. [Failure | Rate
Sampler Used [Failed|Percent Percent . p t
Sigmavotor WA-2 | 28| 6 25 z 4" 50 16 2 13
Sygrametor Wo-2 | 31 ] 4 | 13 15 2 13 y/ 2 13
grarlsford DU-1 | 45| 15 33 40 13 3, 5 2 ap
Bravtsfora 6v-1f 29| s | 17 | 26 | 5 [V 3| o ¢
Bratisford £p-1 | 63 6°1 10 5¢ 6 ~f 11 8 0 o "
QUEC CVE w0 | a | & | 7 a 5 3] -0 0
Pro-Tech C6-125P| 10 | 4 [ 40 _ NOT BROKEN DOWN N
1SC0 1391-x 16 4 25 Tt 3 25 0 0 0
L1SC0 1392 17 | 5 15 1 7 2 0 0
N-Con Scout n“wl 2 14 14 2 | o |- o 0
N-Con Surveyor | = 7 3 -1 43 L3 3 60 , 2 | -0 0
i 14
Totals and ®
Mean §arlure 346 | 54 16 27 44 - 16 .65 6 9
Rates . —
:\,
- 38 .
- .

W
.

i
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* The overall ability of the Field Investigations Section to
(ctein a’complete 24-hr composite sample probably runs between 80
ard 84 percer: sircé the 16 percent compositor malfunction rate -

does no’ reflect mstakes id installation, variations in the expeig

-

“ise of different field-teams, excessive drops in head, submerging -

“Tocostesiters, or winter operation. . ,

B. INSTALLATION AND OPERATION OF:§ﬁMPLING EQUIPMENT

¢

In the field, the engineering staff works closely with the -

technicians. At new locations Which have not been prev%ous]y sam-
pled it is a policy of the Field Investigations Section to have a

- “ ‘ ) .
professional oresent to select the sampling point, to inspect the

flow meesurement equipment of the facility or determine a suitable
measurement method, and,to supervise installation of the sampling

equipment. It is folt that this practice reduces the risk of :
composi tor*mal function and missed samé]es,’%mproves the Tepresen%a-
t*venes; of the data, and results iﬁ a more detailed and infonnafjve
recurt. . ’

The primary reason for the large varﬁety of cbmpositors used

4 -
by the section is due to the plethora of sampling requirements,

"waste stream characteristics, and site abnditions encountered in

7

the field. Utilization of the sampling equipment of choice is often

,preclpded by the physical cﬁaracteristics of the point of in;eresf

inclydir g accezsibility, site secbrity, and the availability of

)
3
b

»

. | 3y~




Raw municipal wastewaters are preferably §amp]ed at‘points'of

. "1:"J highly turbulent flow in order to insure géod Mmixing; hgﬂsver,’in

many instances the desired‘location is not accessible. 'Raw waste

sampling points in order of pyeference.erei (a) the upflow siphon
following a barmidutor*g (b) the upflow distribution box followind
pumping from mainplant wet well, (c) aerated %rit chamber, (d)

pump wet well,-and (e) "flume throat. ‘ )

{ In order to provide position stability and'to reduce velocity

d1sp]acement a sash weight, so1e plate or other weights secured T

4

; with a rope, is t1ed to the end of the sampler intake tybe which is

pos1t1oned at mid- deptb in the flow: . o ‘

;\,ZD : The secticn-has exper1enced incidents of theft and vandalism

. /
of equipment. This is an item of major concern at sites-which are

S

E . outside the confines of fenced treatment.faci1ities. Manhole "

A B ? 4
1)

Lo . installations in which battery-operated equtpment can be put in thé
) maihole and the cover replaced will genefaﬂly provide sufficient

. < -
-security. In exposed locations which require compysite $Wmples,

one must either wisk loss and tampering with equipm nt or ut11&ze

. / manugl-&amp]1ng methods. If manpower limitations quwre use of

unattended equ1pment on1ou§Iy only.izr va]d/;yomp051u5rs shoﬁld

As “"water po]]utzon" 1S a bdbu]ar subject w1th €he*

general p4h11r 'tamper1ng ‘'with equipment can somet1més be reduqu

be considered.

if pe0p1e in the area are aware of the ni§ure and purpose of the

_activity, fne of the arthors experienced this situation during a
‘ . -

\

P—
1
¢ . -
] - + .

* n absence of grit chamber __:
O

N )




survey of a recewmg stream in a rural area. ‘downstream from a.

re&ubnt facfht_y a f\

In every case the field team will utilize electr1c‘1 Hne.
* " current if vt is gvaﬂable at the sampling site. General]y, line-
) ‘operated composltors are more rel4able than battery-operated models
- and. in the sampHng ofﬁ tewaters _the incidencé of intake ;
tObe plugglng is reduced due tn the high vacuum and purging feature
of the samplers &h1ch are preferab]y.sed on these ‘wastes ¥ - Line

. current has been avaﬂablea»t abwt% percent of ‘the treatmei

-

facihtles wmch the section Has surveyed. In a survey ofﬂgver

"\
I 1100 pri vate, mun1c1pa1, and 1ndustr1a1 waste treatment p]ants in .

the greater. Kansas City area, on]y 45 percent ofjthe facilities ‘had

., an electrical power sm’te Power ava11ab1hty .at lago;ms mﬁch

»

accounted for 55 percent of the suyy, was even 1e$s.

The physna] and chemica] cha r1st1cs Lof the waste stream
"N
-ralso p]ay a p&rt in determining the type of sampler to use. H1
Y- N
fluctuations in pH"3 ;eq&/b-;—/towr and vo]u;ne engountered with

, ot

some industrial wastewaters wﬂ] general ly require a dlscrete

sample oouector 1n order that ahquots can be’ analyze\ﬂndiv:d-
ua]]y._' ﬂ“.,\‘ ' ' .

PRGN

.MWith the exceptwon‘of cola ueather samphng cond1t1ons, a]]

.
-

,samp]eS\are kept-om : dur‘mg the compos1te period. The ISCO

. Q@E and Sirco umts re\jﬂe\ only compos1tors used Ry the
’ 4

.

sectign wh1ch have an mtegra'l ica compartment’.' With the othert
umg samp]es are chilled by p1ac<ng the samp]e-co]-leQioW‘container

. e fow
~

.
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- 1n .an‘ ice chest* along with a' 2..27'-kg (5-1b) b f 'i!c‘e The ice

[4

chest is stood o end with the drain hole on top and the djschar:ge

ﬁ the sampler is threaded through th1s hole and into thef"

=2 & . :

¥ontained. N , ‘
- .

. Winter dperatjon of.samph'ng equipment can be a tryh'ng heferi-

I

. ence. Dhri‘ng partic‘uwl-y co‘.d'weather sampler mayl‘fuhctions due to

. ﬁee'zmg of intake lines' majg run as mgh as 60 perc t.
R )

- below the freezing line by tapmg (fYher gfss tap
' -

steps or by suspeadmg with a rope tled secumiy to

If possvb]e, the samplers shouLd,be 1nstaHed i manhdles

e 'unlkto ‘
ake 1'rf the
L 4

ground Nhen 1nsta1Hng samp]ers in manho'les or wet wells, care

’

: shou]d be taken to gsnmn it* a'ﬁeve] which wﬂ"l net re5u1—
- r. ) 'submergence of +the com pos1tor in the evﬁ\t of prec1p1tat£on T

N Because of the hm1ted'suctfon head of many of the battev;y operated. ]

- t £

- - com ositors, it i ho* always possvb]e 20 maintain an a”lequate
. . comp ]

...

X»’

e1evat1on’ If heaw ra1nfaH appeass probab]e the samphng Wuld
& “be. postponéd c¢r 'use ‘ef a Braﬂsford EP—] cons‘1dered ’Sect1on per-
sonne] have madvertenﬂ/ submerged severa1 of these amts w1thout

b\gy apparent damage

4 s

However, they do ackmt water tq the case and

it ss*ecomenad *het the t:;ckmg plate, be re&ved ahd the mterwr

A}

- ofIhe case aﬂie 0 d? prworzto\add1t1ona1 usage

¢ . -

- . If.below gre .und mstaHatmn is not possﬂﬂe dur]ng free fnig

r

weather and hne c\:urrent is avaﬂab]e, 1 2- to 1. 8 m,(4 to 6. aft)

)

hea* tapes** ok LT wrapped areund the sa*nru

ortair v and th
- - . ="

| S—

. * Progress D‘=-+’r:gerat1’on Company, Lousvﬂne, Kertucky - Model A-52

ek Thermosratyaxly protected 3° C , ‘
Q . ’ -‘ . T - ‘- ) \

y ; i R v . ) . - . S
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intake lines. To ;irovide ;hsuiation, large plasttc bags* can be
- wrapped ar‘qund the 1ntake 11ne and heat tape and loosely placed a
over the samp]er : A ,
Nl*c. Jsmg the Broﬂsford EP-1 mode]s where 110 v AC 1s avaH-. -
able, 1t is' poss1ble t? p]ace the entire unit w1th sample bottle in )
‘e

an ice LhESt and wrap a heat tape -around the bottle for protectw
If the chest drain plug is removed dnd the chest set or hung verti-
cally with the draﬁn;blug‘on the bottohi, the 1nt§ke tube can be run

A

dut the 'drain hole and- also. heat, tawped-to‘rd‘hde sampling reliably
below 0°C; o e

As of this writing, t’he va‘ét majority of theé samples’ collected
by the sectwn (estunated 95 percent) have been time composited
_When flow- proportmna] samp.]ing is done, discrete samples are
manuany c6mposi’ced on the bas1s of readings from external flow or
1eve1 recorders As a resu»h. of data presented and d1scussed in

ehapter v, the'er]d Invesugatwns Section contmueg to. have mtxed

‘-smm‘ons regardmg f1ow- proportwna] samples. '

I = I (’
‘ .
.. .

/

N

« 7

;:),_Aiinne/cmn\b;gs, 10 mi1, GSA FSN #8105-848-9631
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appeared to result from variatjons in compos1mr performance.

e

Iv. SAMELING MET*{O"S AND DATA. VARIABILITY -

L

f PERFORMANCE OF AUTOMATIC NASTEHATER SAMPLING EQUIPMENT
As the Field Invest1gat10ns Section acqu1red and ga1ned expe-~

rience with a number of d1fferent makes and models of conmerC}aT’v

PR
5

N
avaﬂab]e %plers and with the accumu]ation of large volumes of.
water quahty information discrepancies in data were noted which

As of this writing, the ctidn .has conducted five field'.
studies for the purposg of com?armg the water chemistry data of
samples collected concurrent]y mth thedamous compos1tors listed’

in Table I. Samples were anaIyzed 3ccord1ng 80, Stahdard Me thods

¥

’ (2) for five-day b1ochem1caI oxygen bemarid (BDDs), chem:ca] oxygen

demand (CoD), and nonfﬂterable sohds (NFST" pa('a obta1ned from

different compositor conbmé’twns were com.pared fo éach ower and’
-
to those data resulting from manua] samphng methods ‘o

. Ny '

b

= “7*

1. RICHARDS GEBAUR AFB STUDY. ,, -f;, <L .

3

The AFB is served by a % 680 cu m/day (II 5 mqd) standard ra‘f\e' -

trickling filter p]ant uith eff"T uerft ch;%'rmatlon Three samphng

stations were set up at th1s pTant The sta&wns were: (a ) ‘the
A
raw waste (upstréam of the ParshaIT TIume and OJgester supematant

retum). (b) the effluent from the pwna@y;y cIar1f1er, and (c) tne'
¢ ° ‘

. -
- . st e R B 4
. : .

inal effluent. ,
N
A QCEC Mode] CVE samp]er was 1nstaHed to collect time-

cémpos1te samples (TS-m)m cycle tide) at the~1nflwent and, o °

¢ "

— iy .
* Mso termed toggl suspended solids- . w ' . Yo

R 71




'ments a 90-degr

concurrently, “an I1SCO Modg]-l?Q]-x was used to c"oHectl discrete

vsamples at a-hr intervals for manual flow proportioning and com-

' ",positing Flow measurements wereé obtatned with a Manmng Dipper

Stage Recorder* and a staff gage installed in the throat .of the °
22.9-cm (9-in. ) ParshaH flume located at the p]ant 1nf1uent

At the effluent of the primary clari fie" a Sigmamotor Model
WD-2 compos1tor,was used to collect time-composite samples (15-m1'n

cyc]e time) and a- Hants Mark 3B was u,sfd to collect discrete -

E
- samples at 2-hr intervals for manual flow proportlomng and com- .
' pos1‘tmgj" A 90-deqree, V- notch weir equ1pped with a Manning D‘lpper
‘Stage Recorder§ and a staff gage was temporarﬂy 1n!talled\1} order

, to get flow measurements at this statien.

)
E

At the plant final effluent a Braﬂsford DU-1 mechan1ca1
compos1tor was used to collect time- compos1te samples. (4 *min cyele
time) and.a Hants Mamigp38 sampler was installed to collect samp1es
at 2-hr intergfor manual flow compositmg For flow measure-

g

V-notch weir was temporarily inStalled and

* equipped with a' Bel fort § oat Stagej Recorder* with stitling well

and staff ghge. ' A ‘ )
. v

. At éach of the three statigns the intake lines of the
"
compos1tor§’ wer'e« tied together and suspended at mid-depth in the

waste stream Grab samples wene manuaHy collected at 8- h):)

-

»intervals for individual analysis and for flow compos1t1ng at each

of the three stations in order .to provide additional data for
comparison. ’ ‘ h ’

‘\’ gge Pige 95 rd " B
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Because of plant opefatioh problems, compositor malfunctiohs,

,and'a'heavy rainfa]l there werg‘some departures from the planned

samp]iné effort. On May 21 the plant*ﬂﬁerators by -passed for two
10-mirn periods at 1300 and 1400 hr in order to facil1tate rodding
ouf of a clogged digester 1jhe:I On May 22 a herTod‘of heavy rain-

fall occurred between 0030 and 0530 hr with about 5 cm (2'in.f of

total precipitation.— The tem:;yéry weir at the primary effluent

‘ was submerged for .several hr during this period and flow rates were .

taken from readings on the Parshatl flume located at the influent.

—_—
_ Because of th1s rainfall the 5’ant by-passed a portlon of the raw

_f K

waste for a peripd of n1ne hr. The total by-passed'yaste volume ~

was estimated to be 17,000 cu m (4.5 mil gal). Several dfternoon
. -~ .

thundershowers also occuried oh'May 22 and increased plant flows

but did riot necessitate further by-passing. o

, Difficulty was experienced with %he clock mechanism of the *
Hants 3B samplers Yocated at the primary and(final effluent. At

the primary eff]ueat the flow- compps1te samples obtained with this ‘ N

1nstrument were short two and four hr, respect1vefy’ on May 22- 23
and 23 24 'At the final effluent the May 22-23 compos1te was short .
two hr and on May 23 23 four of the twelve bottles of the Hants -

- L

samp]er were about twenty go thirty percent short of the volume

4

necessary to make the flow.composite. ' T ..

In addition to sampler malfunctions, a cursory exam%hation df

the facility during the $tudy revealed the following plant opera- - .
o ¥ * , ) . '

tional problegs: ‘

nal problegs < 4

)
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a. Comminutor seals were gone an? targe solids passed
the comminutor without removal. -

- # b. Sludge removed from the primary tanks was accom- *

panied by large volumes of water which caused

eviessive amounts of digester supernatant to be

returned to the plant. During the entire survey

the pr1many effluent appeared black and septic.

c. un1y one tr1ek11ng filter was in operation and no
recyculation was practiced. There were 27 hourly
periods during the 72-hr survey when plant flows
exceeded the 2,840-cu m/day 75-mgd) capacity of
the trickling f11ter unit. ter capacity was
exceeded several times each day during.the survey
at‘per1ods which were not related to rainfall.

d. One of the secondary clarifier units was septic
during the entire 1nvest1gat1on and clumps of
sludge up to 15.2 cm (6 in.) in diam continupusly
h rose to the surface and were d1scharged with the .
" clarifier overflow.

» -

viT, Laboratory where they were analyzed according to Standard

Methods (2) No spec1a1 attempts were made during the co]]ection

_period to “refine compositing methods or sample delivery procedures.

In" tnhe' 1aooratory, normal personne] ass1gnments and rotations were
_observed consequentLy the water chem1stry data represented thg\
wore of"* several proﬂ§§20na1 ana1ysts These datg are presented
in Tables III, IV, and V. The flow data are shown graphically in
An enam1nat1on of Table III, which. iPows the water chemistry
data of the samples collected from the raw waste by the four, dif-
ferent sanpliqg methodologies, would indicate that the results
obtained-with the QCEC compositor differed significantly from the
dqta of'samhles 55]186t€d.2l.:hé other megngds Looking at the

: 47

Al samp]es were kept on ice and delivered to the EPA, Region
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.5 COD« and NFS bf the grab samples xollected manualu it can®

be seen that there was a definite decrease in strength of the waste
dur1ng the early morn1nd!bours. Discounting other factors, the
time- compos1te samples col!;cted with the QCEC would be e‘Pected to

have been biased low because the samp]es included aqfal 'volume

- aliquots of the Tow- -flow, Tow- strength early- mornwng waste, Mow-

& %
ever, for each of the three parameters it is ev1dent that the QCEC

samples were of higher strength‘than the f]cw -compoe1 ted ISCO -
samp]es, the manually-collected flow- compos1ted samples, or the
arithmetic mean of the manually- co]leg}ed grab sanp]es In all but
four out of fifty-four. analyses for the three parameters, the QCEC ~

samp]es were of gréater strength than any of the discrete, manual 1y~

co]lected grab samples. ‘ . J‘

Table IV, which shows the wateg chemistry gata of samples ‘
coTlected from the primary eff]uent ,also indicates a bias." Except
for B0Ds on May 22 and COD on May 23, the f£tew-composited sanples
obtained with the Hants ypit were of higher strength than those

flow-compos ited samples co]lected martually.

Table V presents the water chem1stry data of the final effluent
/ -

'samples and does not 1nd1cate any apparent b1as wrth respect ty the

four different sampling techniques.

4

The NFS data for the three days of sarp11ng are summarized in
.,

Table VI and presented 1n the form of ratios after unitizing the

results on the bas1s of the roncentratvons found ir :-a ~anualiy-

. ‘.h_g collected and flow»compos1ted sdmoles . :;a‘§natlon of tn1s table

48




ERIC

Aruitoxt provided by Eic:

»
~ ”, _
L ] TABLE 1i1 >
{ [y
. RICHARDS-GEBAUR SEWAGE TRLATMENT PLANT
f [ RAN WASTE
. T
Date
May - Sample Type And Time vh- &) N
1973 - " Pl
24-hr Mech Flow Comp (15C0) 3 130 120
) 24-hr Mech Time Comp (QCEL) 215 388 354
24-hr Manual Flow Comp (4-hr Grads) RIE 275 -7
2122 Meap of 4-hr Interval Grab Samples 124 3% uie
- Grab. 1200 195 asp . e
1600 183 187 27n
2000 ° " ¥ 533 153
-~ 2400 * 104 23 513
, . 0400 L 22 T ne
e 0800 73 32% 52
L 4 Grab Sample Standard Deviation, ! .ng,; T 63 163 88
Coefficient of Variation, pergent Y . 45 60
24-hr Mech Flow Comp (ISCO) pe | s | w
24%r Mech TimeComp (3CEC) 140 .| e
* 24-hr Manual Flow Comp (#<hr Grabs) 39 225 109
22-23 Mean of 4-hr [nterval Grab Samples ~ 97 77 74
N Grab. 1200 X 107 m | 1
1600 m 223 72
2000 162 35) 106
. 2400 109 143 - 62
0400 18 "4 9
0800 ) 74 134 66
Grab Sample Standard Deviatiur., - ~g/1 44 95 37
Coefficient of Variation,” percent 45 54 56
24-hr Mech Flow Comp (1S(0) 153 306 - | 149
, 24-hr Mech,_Time Comp (QCEC) 0/, 153 526, | 186
24<hr Manual Flow Comp (4-hr Grabs) 107 252 “i6
23-24 Mean of 4-hr Interval Grab Camples 93 236 .7
. “Grab: 1200 130 26 157
. 1600 97 404 2
. 2000 183 S BT
2400 80 197% L
0400 . € . gy 16
. ,0800 N 19 250 94
Grab Sample Standard Deviation, t mg/1 o .24 8
Coeffictent of Variation, percont 4q s B
) Arithmetic Mean. Of All Datu Poircy 127 319 127
. ‘May 21-22 ' ) 137 388 167
May 22-23 C 105 238 89
May 23-24 . 43 128 330 132 .

T

.
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. TABLE 1V
. »
RICHARDS-GEBAUR SEWAGE TREATMENT PLANT
PRIMARY EFFLUENT
Date ’ o 800 b -
May Sampie Type And Time . 5 coo NFS
1973 mg/1 | mg/) | mg/1
24-hr Mech Flow Comp (Hants® 150 480 333
24-hr Nech Time Comp (Sigmamotor) 97 209 83
24-hr Manual Flow Comp (4-Ar Grabs) 57 151 106
21-22 Mean of 4-hr Interval Grab Samples 94 226 104
Grab 1200 _ 127 279 12
1600 2 155 309 144
2000 104 249 ' 88
© 2400 1o 290 82
0400 i ¥ 29 139 142
800 » k 39 94 58
Grab Sample Standard Deviation, ¢ mg/] g 45 81 32
Coefficient of Vagiation, percént T 48 36 30
24-hr Mech Flow Comp (Hants) ) 125 324 123
- "24-hr Mech Time Comp (Sigmamotor) . 100 192 56
' 24-hr Manual Flow Comp (4-hr Grabs) 132 264 80
1 22-23 Mean of 4-hr fInterval Grab Samples 124 235 78
'q Grab 1200 102 179 80
1600 . 133 243 84
[ 2000 125 203 73 -
2400 117 243 60
0400 ‘ L. a5 32
0800 , 213 | 7394 138
Grab Sample, Standard Beviation, % mg/) 47 79 32
Coefficient ‘'of Variation, percent 38 34 4]
24-hr Mech Flow Comp (Hants) 180 268 187
24-hr Mech Time Comp (Stgmamotor) 175 38 .| 128
| 24-nr Manual Flow Comg (4-nr Grabs) 158 38 129
— Mean of 4-hr [nterval 3rab Samples 152 317 18]
3 Grab 1200 <] 126 260 96
N 1600 125 296 124
‘ 2000 163 308 136
2400 160 310 128
0400 141 324 178
. 0800 192 | .495 246 .
’ Grab Sample Standscd Deviation, * mg/] 23 7¢ .49
! Coeffiedent of variation, percent 15 23 32
Arithmetic Mean Of A1l Data Points 129 275 129
May 21-22 - ) 99 267 156
May 22-23 « 50 120 253 84
May 23-24 : 166 305 148

*




, T(ABLE v

!

RICHARDS-GEBAUR SEWAGE TREATMENT PLANT

FINAL EFFLUENT

Date .
. 4 May ‘Sample Type And Time 8005 | cop NFS
1973 mg/ 1 mg/1 mg/1
24-hr Mech Flow Comp (Hants) 43 143 84
24-hr Mech Time Comp (Brailsford, 35 137- 51 -
24-hr Manual Flow Comp (4-hr Grabs) 29 128 62
. 2122 Mean of 4-hr Interval Grab Samples 28 137 59
7 Grab: 1200 25 143 60
! 1600 3 181 53
2000 25 154 51
2400 26 141 59
- 0400 34 98 78
- 0800 27 105 56 °
Grab Sample Standarﬁwatmn. + mg/1 3.7 28 8.8
R Coefficient of Vari n, percent 14 20 15
L g
P 24-hr Mech Flow Comp (Hants) 23 140 29
‘ 24-hr"Mech Time Comp (Brailsford) 23 137 30
l * 24-hr Manual F1Gw Comp (4-hr Grabs) 16 153 39
ll - 22-23 Megn of 4-hr Interval Grab Samples 24 126 N
? . Grab. 1200 32 16 | 35
‘ 1600 27 199 49
L. ~ 2000 19 96 30
T 2400 - . - 2 109. | 28
) 0400 -- 96 16
" - L 0800 22 110 28
Grab Sample Standard Deviation, + mg/1 4.7 37 9.9
Coefficient of Varfation, percent 20 29 32
24-hr Mech Ftow Comp (Hants)‘\ 26 173 86
24-hr Mech Time Comp (frailsford) 17 181 76
) P 28-hr Manual Flow Comp 14-hr Grabs) 12 181 62
' " 23.2¢ Mean of 4-hr Interval Grab Samples 15 149 75
. Grab: 1200 n 133 86
. .= 1600 21 137 86
. .2 . 22 185 |82
. - 2 14 173 | 78
ad 0400~ » 12 141 55
” . 0800 . 8 123 61
] Grab Sample Standard Deviation, + mg/1 5.1 22 12
Coefficient of Variatjon, perceme—T 35 4 15 16
i * Arfthmetic Mean Of A1l Data Paints 24 14% 57
N May 21-22 33 13€ 64
May 22-23 22 141 32
L May 23-24 18 161 75
e
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s B RAA WASTE

cu m/day x 1,000

PRIVIARY EFFLUENT

cu m/day x 1,000

" FINAL EFFLUENT

cu m/day x 1,000

-
L]
1200 2400 1200 7400 200 - 2400
Hay 21 [ ‘May 22 ! May 23 J .’Sp 24
‘l " , ' -
¢ ) -
’ FIGURE 1 - Flow Rates - Richards-Gebaur Sewage Treatment Plant
O " . * 52
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TABLE VI

RICHARDS-GEBAUR SEWAGE TREATMENT PLANT NFS COMPARISGN
RATIO OF SAMPLING METHOD VALUE TO MANUAL ELOW VALUE

2

Date ‘
vtation Sample Method . Average
May 21 | May 22 | May 23
Geic ‘ 2.000 | 155 [-1.755 [ 1.669
, 12C0 0.931 | 0.431 | 1.406 | 0982
Influént il & ‘ . .
Manual Flow 1.0 100 |-1.0 ro
Manual Grab 1.223 | b.679 }-0.820 | 0.907
y 3
Hants 3041 | 1.537 | 1.4a9 | 2:082
‘ Sigmasotor 0.783 0.700 0.968 0.817
Prinary Effluent
' ,Manual Flow 1.0 1.0 1.0 ] 1.0
Manual Grab | 0.951 | 0.975 | 1.170 | 1.082
. Hants 1.354 | 0,743 | 1.387 | 1.16)
. grailsford °|°0.822 | 0.769 -] 1.225 | 0.939
Tangl ffiyent '
Manual Flow 19 1.0 1.0 1.0
Manual Grab 0.951 | 0.794 | 1.209 | 0.985
\ 5.&-

4
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wouls show that in  eight <out of nife compérisons‘with the high

va_aur (o8- to 700-1mm Hq) QCEC and Hants uni*s the s31ids levels
(3 . *

exceeded those of the manua}fy collected samp]eS' . In seven of nine™"

£3ses the s amples co]]ected by the s]ower acting pervsta1t1c and

pisq;ltype compos1tors (ISCO S1gmawotor, and Braxssford) y1e1ded‘

’,

1ower ssﬂ1ds levels e cou]d also Qa]culate similar ratios fpr

BOD; and " COD. These calculations would shdw that in e1ght out of

-

nine and seven out of nine cases for" 8005 and: NFS, respect1Ve1y,,

the QCEC e;p Hants samplers resu]&ed 1n higher parameter concentra-
. ) "‘
‘The apparent removal efficiencies of the Richards-Gebaur
1

L )

facility can be calculated in a number of ways. Table VII shows

tions..

" the sixteen: combinations of sampling methods and removal efficien-

cies resu]tlng from the four 24-hr samp11ng methods used on the .
plant raw waste and f1na] effluent. An examination oT‘thi; table
would 1nd1cate that the apparent remova] efficiencies for BODs, cod,
and NFS ranged between 71189, 39-73, and 36-72 percent, respectivellys

The. table also shows that apparent remova] efficiencies of COD and

- NFS with the QCEC on the influent’ 1ncreased s1gn1f1cantIy and that

B

there was a correspohdwng increase in the coefficients of variation.
H1th the QCEC comb1nat1ons excluded the mean BODg; COD, and [FS
removals were 77 43, and 47 percent, respect1ve]y Cons1der1ng
the QCEC combinations alone these corresponding percentages

1ncreased to 86, 71, and 70 percent reSpectvve1y Consvidering

all the’sixteen cq'.inat1ons pf.sampﬂinq mathod: the c3Effic$ewts

. S \
e o " . .

/ .

&
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4 _— N - N -
.. 0. _ . e, M F C + ) - . R
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" ‘ l. .
of variatwn bf the remova] efficien,cres were 6 6 25’,and 21 %,'f%

. -

percent, for BODS COD, and NFS, respective1y T - o A

- . . $-
Given the present refinement of ‘sampling technology, these. - B

variatwns in remova] efficiencies are believed ‘to be typical of =~ *

8

~ ' what can be‘xpected with routine- surv?ys and monitoring p’#ograms

’The dmpact? these variations in determining whether or not a °

" particu\ar facﬂity is in co@p’rj\ance w1th permit reqmrements 1s
) obvious ' ’ S
[ . .

P Y

-

& The, grab sample’ data“ in Tables III, If\(, and v indYcated v;ide'
fluctuations in wate'r chemistry. ‘tieta over 2 24-hr per;iod'which
. » '+ decreased as the wastewage!"pas.sed through the plant. . The coefﬁ- ]
/ o ¢ient .of variatwn of the NFS d!ta range- from 44 60 ‘30 -41, and :
o 15 32 ent, respective>y, fn the raw waste pr1ma;.y eff‘]uent,
d L ‘and fﬁreffluent " ‘ L T
Table VML was cor;struc‘ted usjf:g the three days of grab '
‘ AN 'sampHng -data and the: manuat, flmﬁcomposite data of the r:;w;dwas.te 1/
L and the plant final effluent Thi's table shows apparent NFS |

-

remogal efﬁc1enc1es as a function of nuhber of grab samp]es col-

T lected per day.-uﬁe of'(:o]lectmn, conewon;interm (24 12, 8,
ﬁ/&{l_hr), ‘and the nulber of days of samphng These grab samp]e LR

, “s ! efficiencies obnpared to.the’ remova] eff1c1encxies resu)tmg ‘

. fmm the manual - coHected and flow compositeu, 24-hr samp]ef An :

examinatjon’ of this table wo‘d indicate that the NFS removal a—*

efﬁciency as a resmt. of co]]ectmg one. samp]e frqn the inﬂuent -,

\ .
and eff]uent at 2400 hr on the fwst day of sampling was th1rty -one .’
3 ' ...
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percent. It can be seen that e removal efficiency based on-the=§ -

first day.24-hr manual f]ow compOSxtes was 49 percent In a
similar.manner, the treatment eff1c1ency resultmg from co]lectmg
¢ one sample per day at 2400, hr for three days from the influent and
. effluent was Z% percentw on the mean of the three, samK’es
coHected at e.ach Stat1on The mean flow -composite sample effi-
ciency dver this three day pemod was 52 percent.. Table VIII alsd
1::‘ “shows those efficiencies based on col'lectmg ,(a) ‘two samples per .
day at 12-nr 1’r).tervals as a result of.collectl the f1rst samp]e
at 1200, 1600, or -2000 hr, (b) three samples :%j:ars hr
mtervals as a reSult of coHectmg the first samp]e at 1200 or
00 hr, and (c} six samples per day ‘at 4-hr 1nter:«als as a résult
sf collecting the first sample at 1200 he. A1V efﬂc1enc1es on the
;hagona] of the table are the- result, qf collecting samples from
each of the two stations at ‘the same. t1me Those eff1c1enc1es
hown below arrd above tre’ diagonal reSulted from the effluent sam-
.. vy ples which were collected at hu1t1p1es of 4-hr mterva?s fo]]owmg,‘
o of preced‘g CO]]eCttOn of thegraw waste samples. -

A

The table clearly 1nd1cat§ thafaﬂaCy "of relwing upon single

~

qrab samples and demonstrates that v*g collectlon’*me will
. - " ¢hange apparenj plant effciency over
< . . -
. the efftmencwes reSultmg from coﬂectmg one samp1e ‘rer day for

N

three da/s 1t can b seen that the 'removals ramged from -1”% te

road’ range tooksng at

.*70 percent.* Jt is apparent that as the daily Frequen_y of gra.'

\z"\p]w‘r 7'"?‘8:;%" sz "?Su","\:‘ effi- G"”; yon @ narrg g ar

. . .

] . - .
L . 3 '
P )

- _.n..'-sq‘(j..“-.....ﬂ . e -




approache! those e ficieneies resulting from th%JFanual, flow-
compoc'*Pd samples. Comparing six grab samples per day witﬁ;the

f‘ow ccmpos1tes for one, two, and three days the d1fferences were "

103 Z and 5 percent, respect1ve1y - £
' &

The variation ir ana];t1ca1 re3u1ts obtavned with different

"~

1

SaMpainge ccfnn1ques can be stud.ec in reTat1on to the inferlabora-
. - [ ] i

“tory var1atrgn resu]tlng from ana]yt1ca1 quality cogtro] (AQC)
stidies. - S4nndarq‘jetnods (2} contains a d1§cuss1on of orec1s1on
;%1 i racy frr BODs, cOD and NF< based on the resu]ts of a S~
nuwer of c00perat1nn 1aboratox1es amalyzing art1f1c1a]1y'pr

“ijentical samples. These d1scusswon% are excerpted~

B0D; - '  Precision and- Accuracy *+ - . ° - \‘ ,
. ""”There is nc standard agawnst/wﬁ7?;/;;;:/ ‘

., accuracy the BOBs test can be measured. To
obta1n pFecision data, a gltucose-glytamic acid
mixture was analyzed by 34 laboratories, with.:
each laboratoryeusirg its own seed mater1a1
(settled stale sewdge). The geometric mean
of all results was 184 mg/1 and the standard
deviation of that meagwas =31 mg/1 (17%).

The ﬁrecision obtajneg‘by a single analyst in
his own laboratory was t11 mg/1 (5%) at a BOD
of 218 mg/].” (2 p 494) .

-

.,

Prec1s1on and Accuracy . L.
: L
"A set of synthet1c unknown samples con-
taining potassium- ac,.d'phthahte #nd sodium
chloride was tested by 74 laboratories. At
200 mg/1 COD-in the absence of chloride, the
standard deviatfon was_t13 mg/1 (ceefficient
, #0f variation, 6.5%). At 160 mg/) £0D and
100 mg/1 chloridey the standard deyiation
was 10 mg/1 (6.5%), whilegat 150 mg/1 COD
and 1,000 mg/1 chloride, standard deviation
'was +14. mg/1 (10. 8%) ' ¢ '

-

. The acturacy of this meLnoc nas veen
‘detérmined by Moore and Assocmates 'Yor mos t

’,




.
.
© 48 T
1 .
- “ . v +
.

. orgamr Lompounds the” ™™ ation 1s 35 to"‘OO
. of the the‘org;gcal value. Benzen€, toluene
and pyridine are not oxidtzed." (2, p. 499)

« NFS— Precision and Accuracy . - ,‘b
N “The precision of the detenmnatmn varies
N rect1y with the concentration ¢f suspe ded
. matter in the sampte. The standa dev1at1on
® was 5.2 mg/1 (coefficient of.varidtion 33%)
N at 15 ofg/1, 24 mg/1 (10%) at 242 mg/), and .~

*13 ‘mg/1 (7 6%) at 1,7Q7 mg/1 (n = 2; 4 x 19).
:There is no sat1sfact0r rocedure fo btain-.
ing the accuracy- -of the mé¥hod on was%ater s

samples \Sirce the true concentration
' penned matter is unknown " (2, p. 538)

'sus-

Tab)e‘ IX was constructed usmg the coefﬂments of variation
| mesultmg from the AQC stud1es reported in Standard Methods (2) and
"the water “chemstry data o-f the manua«'y f'tbw-composned sanp]es
In cpnstruct1on ’thm tarble, it was assumed that the manual'ry

flow-composited samp]es most accurate)y described actual \ﬂstewater

v

- character1st1cs and that data resu)tmg fxom the other t%chntques ,'\

LI

were normaﬂy d1strshbuted about the manual flow analyses. Th1s

”
«

"~ table 1nd1cates that 62 of" the analyses (77 percent) resulting from

.7

the other samphng methods were outside the range of the manual

.~

flow sample data *1 standard dev1at1on* (s) In a simﬂar manner,
it can_be shown that 39 ana)yses (48 percent) were euts1de the
rane of *3s. Since! the range of 23s for COD and NFS included all
1nterlaboratom ana]yses (assum1ng nor'mal d1str1but1on) 1t 1S

apparent that the var1at1on in data from the Richards Gebaur stud’

»
-

is greater than can be explamed by 1aboratory ana}_yhca) variation

v
v

M -

* Arrived at by multiplying manua) flow .data by Standard Methods od
coeff1c1ent of variation. ° 4 ' ;

-~
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. - TABLE 1X : l ,
- , ' RICHARDS-GEBAUR AIR ©ORCERRASE QTUDY '
"ANALYSES .QUTSIDE RANGE COF MAho/ L FLOR-COMPOSITED SAMPLES .
/ . N - — r
[~ 3 " Analyses Qut Of Range (+) N )
) ' 80D * © oo NFS™ ‘
, Pare S Total
« 12 Type LT Sampe Std.* td.* L. Std.* Qut Of
1973 Conc. De\} Long. SDe\; ‘onc. ng R
. mg/1 1 mg/} y mg/ ’ ange
. 1t mgn R TA t 'mg/)
- L
Standard Methods  loefficient of variation
,° Influent
5% . 6.5% 10%
. ; Manual Flow' 113 5.6 279 | 181 |7 12.1
1. ISCO - Flow 95 » 330 - « 120 8
o 21-22 Manual Time 124 - 356 * 148 " O
‘ CEC - Time 215 . 588 . 254 . 2 e
- L 4 Manual Flow 99 W | 223 | ves | o109 | 1009
nyo-234 ISC0°- Flow B4 * 165 * 47 * « ®
Manual Time 97 - 177 " 63 . 3
QCEC - Time 140 * 388 * ]26' * .
. , | Manual Flow 107 5.4 - %52 16.4 106 10.8
T T2} 1SCO - Flow 453 * 06 * 149 | » -8
B Manual Time 98 - 236 87 .
J~ . { QEC - Time 153 * 526 o 186 *
A g Coglfiici of Var
| Primary Effiuent Standard “ethods {ficient of Vamation L
. . A . 5% ,6.57 10% A -
.| Manual Flow * 57 2:8 151 [ a9.8 |* 106 10.6 o
222 Hants - Flow 150 * 480 . 333 * ‘8
1 Manual Time - 94 . 226 . 104 .
y Signamotor - Time:[ 97 [ 209 « o 83 o
] Manua¥ Flow 132 6 € 17.2 80 | 8.0 .
22-23 Hants - F1W 125 * J24 i * 123 * . '8 .
Manual Time 124 » 235 * 78
Sigmamotbr -’ Time <\100 * 192 .t 56 » .
Manual Flow s8 o | e |ee0y 129 .1&:9#\ T
23-24 | Hants - Flow 180 » 268 .. 187 . S
. . Manual Time 152 317 . .18 . o /"
; - Sigmamotor - Time | 175 . 38 125 ® .
Final efftoen Standard Mgthots Coef'hment of Varlanron L .
5% 6.5% 33%
R Manyal Flow © 29 1.4 128 8.3 62 20.5 s
21%22 | Hants - Flow o 43 |« 143 * . 84 * 5
Manual Time 28" 137 » . 59 ’ -
) Bratlsford - Time 35 L . 137 . 51
Manual Flow 18 0.8 153 10.0 39 12.9
22-23| Hants -.Rlow 23 * 147 L 29 5
Manual Time 24 » 126 * 3 .
Brailsford - Time 23 * 137 * 30 . |
_ o] Manual Flow —me | 12 0.6 { 141 9.2 62 | 2057 )
) Hants - Flow 26 * 173 » 86 *
\ B2 wanual Tine ol 149 | 75 K
. Bratlstord - Time | .17 . 181 . 76
Sealyies out of Fange, R Y, - 22 - 6 62 .
. . ‘ . / ’ LY ) . ] ’
) “ Manual flow data multiplied by coefficient riations reported 1in :
EIKTC - Standard Methods y GE . P .- .
A ruText provided by Eric . i \ ’ A - .- :

b Y
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alone. Real variations in samp1‘ing meth'ods be'come parti.cu1ar.1y_‘
evident when one considers that 17.B0Dg an3Tyses (63'percent) were
outside the ¢3s (3 x 5 percent) variation reported by a single
laboratory and that tne AQC statrsticaI data used for the COD and
NFS comparisons include 1nter1aboratbry systematic varmt1on uhich‘

i

wasxnot a factor in the AFB. stud,y T e

-
Thystandard deviation and coefﬁmntmn of-the

three water chemistry parameters resulting from the four samp'hng

AN
techniques. employed at each of the three stations are shown in = °

Tablé X. The coefficients of v’!riation are all greater than those
values reported fn Standard Methods (2, p. 494, 499, 538) for the.

corresponding parameters. Included in the statistical data shown '

4 1n Table" X wduld be: (a) di f’ferences in compos:t‘ performance

qnd manual samphng methads, (b) actﬁL.npaeions in water quahty,

" and (c) laboratory ana1yt1ca1 random errors - o
2. THERESA STREET SEWAGE TREATMEN& PLANT: - LINCOLNY NEBRASKA
A compara'fWe study of c0mpos1tor performance Was undertaken‘
at the Theresa Street Sewage Treat' P‘lant in L1ncoln, Nebraska,
June 25 through 28, #973. , ‘ o - |

The Theresa Street facility is currently uUndergoing an exten- ’

-
sive expansxon with the addition of expanded activated sludge facil-
ities. The present plant is a 113,550-cu m/day (30-mgd) fac111ty
with aH wastes recewing preaeration grit removal- and pr'lmary =

. o
cl_ar?fica[;n. Approxmately 18,900 cu m/day (S mgd) of the flow

is then troffited by a trickling filter system while the remafining

.
I

63 -
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o ‘TABLE X 1
- STATISTICAL SUMMARY OF RICHARDS<GEBAUR STUDY 1
\ , . S
) , . !
s " ’ -(
!, ) , L4 [ ' -
x . B SR .
N v ms . .y coo N 1 .‘S ’ A
Statton Coeff | coettt . Coefficient]
. ' Mean S gefficient Mean s oefficient- Mean 5 cion
0f Variation . Of vartation . Of Variati
/] t m/t Percent /1 , : /] , Percent A 'n 1  Percunt
A - % .
Inflvent M3y ) 388 28.7 ns.s | 1251 9.2 wa| ol | e
Primery Efflvent | 128.6 | < 29.2 2.7 752 | 81.5¢ 29.6 s | e | s
Fimal Effluent | _20.2 | 8.5. % . |- u6.0 | s 0.7 sr.0 |20, | -2
- . - J -
¢ * . * ” & H » 2’
. ) .;1
. : s
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waste is. treafed by wmgh rate act1vatnd s.ludge system ww**

Secondary clarifiers. ,\\ _

The tnree samp11ng/stat1ons selengd were the raw waste at the
* =,
d1str1but1ﬂn box to the preaeration tank and the plant fina' effly.

‘ent w1*h one station ;t the ovcr‘Tuw of the aécomdary clarifidhs
and the or~er. at the outfall to Salt Creek. At the 1nf1ueni aﬂ .
ISCO Medel 780 sampter* with an uniced sampTe conta1ner ‘cOmpa rtment
Was set to collect ﬂis vire rampies at Y-hr intervals for manual
' f]ow fompos*® “ing eacn m“""lng betwecn V730 und 3350 ny . Th§s $4 i~
pler was mnstalled and Cuevated by city ]anoratorJ personne1 who

“
prov1ded 3 partion of the compos1fed sampls to the EPA F1e1d inves-
tigations teaim each morning. Concurrent]y, til EPA f'e'd team used
a QCEC-CvE compos1tor with ice <amst chamber at the same samp11ng
po1nt Tnis sampler was set to take 25-m1 samp]e a11quots at
14-mxn irtervals. A portion of this time-c0mposxte samptg was
SPTit with ity laboratory personne] ‘ *

i

The EPA field team usad a Bra1Tsford JU-1-(6-min cycle timé)

Y

with an iczd semple chamber set tQ collect final efflyent samples

at the sécondary clarifiers. A portion of‘this sample was given
. , Sy
to city laboratory ‘personnel, At the outfa11 to Salt Creek city

persohng? used an ISCO Model 780 compo§1tor with an uniced samﬁ]e
compartmert to .o11ect discrete samples at 1-hr intervals for ranual
flow compositing’ accord1ng to hour1y readings taken from the p]@nt
.1nf]uent flow recorderlr A port1on of thls compos i te samp]e was
supp]1ed Yo the EPA f1e1d team. !

é .
ST e e et e
* Similar to Model 1397 but not suitable for manhole installation
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_Table ¥I presgnts the results and arithmetic means o(\the

analyses iiporteg Dy the EPA, Region VII, Laboratory on the samples

collected DyNpe city and by EPA. An examination_ ofstblsstahleee__a,,

D

would show that the B0Dsg, COD, and NFS concentrations of the raw

.

waste samples collected with the QCEC c0mpos1tor were, respect1ve1y,,

125, 134, and 182 percent greater than the levels found in the sam-

ples collectéed w1th/€he,ISC0 unit. The correspond;hg percentages

for the effluent sanples were 104, 129, and 92.

3. ASHLAND, NEBRASKA: SEWAGE TREATM;hT.PLANT

) A third compardspn s tudy was condgg;ed at the Ashland,

Nebraska, sewage treatment plant during the week of Jhly 28, 1973.
An 1SCO Model 1391 and a Hants Mark 3B sampler we:e paired-

ahd set to simultaneods]y sample "the raw waste in_the throat-df a‘

15.54-tm (6-in.) Parshall fidme and the final efflnent at the d%s-

charge of the chlorine contact chamber onerf1ow weir, The intake

tines of the samplers were tied eogether and suspended at mid depth

at each of the two stat\ons. The instruments co’]ected d1screte

.

samp1es at 2-hr intervals which were manually flow composated

o 4

according to the flow gecord1ngs Gf’the influent Parshall flume’

'

The data resulting from“the 5-day samp11ng effOrt at the ,

influent and efflu2rt are sbown in Tables X11 and XIII; respect1ve1y

The variatior in wastewater chemistry data resulting from the two

different compositors is apparent. The arithmetic mean B0O0s, COD,
/ .‘ ' .-~’

and NFS concentra®irns of the raw waste tamples collectec with the

s

rants - 1h5 o1 -3.‘respective1}, 179, T83, ang 334 percent

. ) '66 ,‘. \\.
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TABLE X} .

THERESA STREET SEWAGE TREATMENT PLANT
« - " _LINCOLN, NEBRASKA .
~“WASTEWATER CHARACTERIZATION

-

. .

L] ‘ T v - ' ¢ t
, Date . . " i
' Station ¥nd June - Time Flow* 800 GO0 | NFS . ;
Compositor 1973 Military | cu m/dqy mg/1 <1 mg/l mg/1.
25-26 | 0800 To 0%30 | 103,000 | 335 y |- 536 86 | . |
N " [rfluent . - - . Lo ’ %
] \ 26-27 0800 “c 080C. | 104,000 360 598 - | 190 |
¢ 15€0-780 . ) .- 1
. ’ . 27-28 K~ 0800 To J800 108,000 173 . 661 - 192~ . ‘
: City Operated : |
: . . " Arithmetic Mean 105,000 289 598 189 .
i A . _
. 25-26 | 1025 To 0945 =] 0 +f 815 (| 385 | |
: Influent e |
' . 26-27 1948 "o 07es | . 1 465 610 328
» %E:':VE ° - |
' N 27-28 0745 "o 9745 ¢ .- 310 924 |. 322 T
! EP4 Cperated . 2 - |
- . Arythimetic Mean - 362|803 345 .0
. 3 ~ 25-26 0303 Tc 3800 - -- 37 107 53
s “ffluer: -
3 26-27 f%05 "o 9300 -t 51 92 3 .
i - - ..
. ESNEY S J » .
. v b 2o | meng - D -- 57 | .106 - 32
- P Dner s
! Ar-trmé*1c Mean --, b a8 102 39
: ! 1 .
i <
i - 25-26 | 1 7o v ois L] PO 18 | 8
i ' *fluen: - : i )
N 26-27 1775 T2 0750 -- ; 48 88 16
]‘ zratlsfar . * N e
) . : ¢/ -28 3780 T, N753 - 22 123 35
; T - perst — >
i . - Arithretic Mean -- 50 132 36,
{ - - —— -
. 5 . . Mear QUL Jata ' o s
' ; “luen: it 100, 4 s | e | T
j . Mean Braiisford Data _ -
! fluent Fear TS0 Dara— X 100, ¥ 104 129 | 92
a N E— : , -1 :
P ' B ’
\ ; WItipy by 264.2 to obtain gpd ) i . -
i . . . y -
‘ ‘ ;
- oy
% l ‘ 6 / ‘ ' (b L
Q ‘ . . I T ' N
ERIC ‘ - , |
. : . i :

- ‘ ‘
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' L S . TABLE X {1
. b . \ . ! . :{b
- * ASHLAND, NEBRASKA, SEWAGE TREATMENT PLANT B
T s T . RAMWASTE )
-’ - R . : . ’ — . . . +
' . - ‘ ~a. _
—-— - — - - - .
\ VD.ate ' 8005 ) cop . NS~
R ¢ . Ju]y ﬁpﬁ*wl1 ﬂ“ s m/] <
1973 10 | Harts | 15c0 | - Hants 15C0 Hants
. ) ¢ : : ‘ . r 9
. \ 23-24 180 220 | 622 1,064/900 | 180 476
- S ;
24-25 136 | 248 | a2s 669 10 330-
. > 25-26 717 | Vs20 | 728688 7,744 320 805
. © o 26-27 2| 258 450 | ss6 972 |-300 860
’ \ | _
. . 27-28% - 470 . 1,270 -~ | 1335
b Arithmetic Mean 23 | 381 | 604 1,003 ¢ f 228 | 10
- BOD/COD-BOO/NFS Ratio | -- - 0.35 0.34 0.94 - 0.50
& v - - :
L - W8P x 100, 2 “1ge 2 183 / 34
. . ‘ "4 . 1 " /
\ i - Y
*
. * 1SCO Compositor h}ﬂmctioﬂed .
' T 65 '
- / .
- ’ Y e ‘
* "5 s ’
; 4




TABLE X111
T ’( ’ ) j ) 3 ',
ASHLAND, \NEBRASKA, SEWAGE TREATMENTPLANT “®
' " .o FINAL EFFLUENTs -

. »
=~
a‘

+

-

Date.

July
1973 ¢

23-24
24-25
25-26
gé- 7
27-28

Arithmetic Mean

sod/coo-soo/nrsﬁw* v
h)

P
?%5%% X 100,78 -

.—.
-
L

’
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higher thah the va1aes resyltinzg from these samples chected"(;n'th
’ the ISCO comp051t0r° "The e ffly t samples a]so Tnchated a STganT—
ﬁant d;ffemnceﬁn compOSTto orr’ﬁance mth the BODg, COD, and
NFS‘va ues r‘esuitqng from use of ‘the Hants comp051tor beTng,
respectivel_y, 154:, 46, and ZZGﬁt greater‘ than the concentr@®
tTun; of the sampTe; values co]]ect’ed with the 150 samp]er
Tabks XIT ang. J(HI~shdw that the BODsl'COD ratTos of the raw

Lt .

“swaste amp]es coHected with the ISCO, and Hants compositors were l

dG.42, respectwe]y. These ratTos were 0..35 and 0.34 fom

nt samples. The close agr'eenment between those ratios

’- c l . - M ’ »

ratory analytical quality control and further
Tow g . L A .

erhpha's' S real di-ferences in sampling efficiency between the two ’

. o .
.cofpositors. b &

Table XIV presents the agparent remova] e”lC’lenC’leS of the_
Ash]and sewage twm plant‘for the three parameters using each
of the four posswle conbiaatTons of compcmtdrs It can be“seen

/
thgt tne renpva] effTCTenciy for 8005 COD and NFS range between

91-97, 92-97, and §5-99 pérf‘en{ respec’twel,y
4. KANSAS cm KANSAS , KAw POTNT"!EHAGE TREATMENT PLANT - .

OCTOBER 1973\ ' ‘ ’
A fourth com;ﬁrison test s conducted on October 10 and 11,

1973, at the Kansas City, V:ms s, Kaw Point primary sewage ‘treat-
- P ¥

* - . ”

merit plant, ' - ' . had T

P
D P - J‘

Three samp]ers were TnstaHed, and set to time composite tme
rawmaste of the plant .for a perTod of about 20 hr at a pomt 8,
Tmmed'lately.upatream from the bar screens. The compositars ased

.
- ' « 8 v
.

Is

LT : * . : '
' Lo > T Ty W 97
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s e - ¢« . TABLE XIV
' N B - 4 ¥ s H
- K . APPARENT REMOVAL .EFFICIENCIES OF
T ASHLAND, NEBRASKA, SEWAGE, TREATMENT PLANT -
! " ’ ’ ‘ * ' * ’
. % \ ‘ :
o -, . ¢ '
‘) R R s re e T —
L ’ : Parameter
. e Compositor Combination - -~
- . i Y R Percent Removel
3 ~ . i
1 , 7 ;
< ‘ 8005 ©.C00 NFS
. ’{,q Influent Effluent Percent Percent Percent
N . ’ n - - : . - ~
¢ coo S Iste "15C0 .9 95 ] =
.o N4 10 Hants st 92 95
a0 ] Hams Hants Yoes. | s e e
‘ . 5 © Hants sco” 97 } et .99 .
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ncluded g QeIc "‘ooeI "VE & Snt ’1}\/75, and anf ISCO Mode] 1391 K

These compos1tors ’d\e 1nt~ake Hnes of which, wer‘hed to ther and

suspended about 46 cm (18 in. ) be]ow the Hquid surface colledted

ﬁgal volume aliquots at mtervals Of ‘ 40, and 60 mm, respec'- ’

tively, ’ : . . - ’ ’ -

[
The coﬂgcted samp]es were dehvered to the EPA . Region VII.

Laboratory where, %ﬁphcate analyses for'NFS were run. The rgsulfs
of thcvse ana]yses are md1cated below. = o Lo ~ A
. . . . Mean Y
- . NFS - NFS . "
"CompgSitor . . -. mg/] ’ mg/1 :
{ Lt N n N ‘ e - ’ . )
. QCEC g 550 . ],160.‘ &
) .*_ ~ ]’Ow : \ o v
g "L, Sirco o s760 < - /ye
' € o« .. 7 :~ 680 /
T asce 644 582
T '520 .«

It cgn be seen that the‘g

freo umt prcduced samples ‘with NFS -

. data intermediate between those vaiues resu]tmg from the ISCO and

QCEC compgsitors. Referrmg back to Table‘I (page H)-. 1t can be

seen that the liquid mtake velocity of %he Sirco umt also lies

between the ve7oc1wes of the othbr two sampl- . <’ ] “'(
5. KANSAS * CITY KANSAS ; K/\w WINT SEWAGE TREATMENT PLANT - .

DECEPBER 17-19y ]973- . L -

A more corpprehenswe compar'ison Study was cohducted at the
Kaw Point sewage treatment plant during pecenber 17 ', and 19
1973itp S1xteen 61ff¢$ent me?(‘/, 1nc1ud1ng four manual sa.mphng ;
techmques and tue]ve different makes and rr&xelis of automatic

o, -_' !d S ?2 ' . ’ ‘;\ B

. .
-

-

» P ~
. . N
N L]
. «

-
[ lnd
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‘ f compés*tc’u we-~c ar p"r/ed td mnr':r"r*ntw sample the raw .aste of

’ ' R L4 :
this faCI’..Ly'.‘ ‘ A } o :

Ti%e and’flow- prOportwonal sar"ples were coHected and com- )

posWed manuaMy at 2-nr intervdls using a bucket as weH ‘as a

o

‘

- %

Smeer"*Me pump* Thas variatien 1r Marnyal $amph'hg me‘hods was-
N . . ‘ ]
introcuced to detar,-ine 3f solm< were settling out in tue bucket

i ’ * . } =

durmg transfe» from the’' waste Stream to tne-]aboratory sample con-.

tainers. ‘Js;ng tne Qmers ble pwnp, samp1es were pumpec d1rect1y

. - ) ) . Wi .
. fvjomxthé source T or« con ainer. .- , o

L] A

The twelve sm:]ey,s,.the mtake 1imes o.wmch were t.ed

toget er and suspended Thotre mddle of the waste *stream, were'used

to take 1me - compéwte sa‘.ole's» by ‘rawmg equal-volume aliquots at,
p mfe‘rvﬂ: wh._-,‘ rared from con‘tmuous ’u'p‘,to AR Samp,‘es were o

coHec’ted SVer | pemb? prox1mate1y 24 nr on\botn '.Jece’mber

* A »

17-18 aﬁd ‘78-19.- With the exceptmn of an N-COn Sentine! samp]er

"

.s‘ . . H

yh;ca/;‘.;.g@; nef?l‘frate amp1e contalner c*hpar ment anf‘ whicr was
/ .y --‘ e g o v

mrovwed foyrt@.sy af the manufa&furer, none of- tﬁ"\{ plas were *!

keptﬁefmger ¢t during tne sarni+ng per,lod. The collected sam~’
' / »

- -

-p]es vwere 1nal,szed :/.tne £PA, Pégmn VII, Labomtor/ for 8005,

(Defemtcr 18 19- onl/,, COD, .ang’ A?S wh1ch Wewe run 1n dup® cate )

- [y

RandO"\ Lirithry anaUu@M .errurs :fo' NFS were-mmm.zer‘-by

°

Iy
d , R

dra»nng a "oubts t‘ a m@e-'nou ned ,npette frOm the s arples.

\c- 3 r'

|
auring. cn_‘_.or‘ .41fh z taqwtic,stirrer,




T‘e results of the compan;on test are presented 1n Table XV

and are arranged acc@®rding to the 'hdmd intake velocxty of the ’
~

‘ part1cu1ar»techmque or comp051tor used. . An examznatwn of this
b1e would 1nd1cate that there was 20 correlation betweeh concen-

tration of parameter and hquid intake- ve70c1ty CaICu‘Iatwn would -

there was no corre1at1on between cross’-sectmnal ¢

z

a‘&how that

gred of. the 1nt,gke line and concentratu. 0r between an intake

\-
, tybe cross-sectional area-ﬁ'lomty product factor and concentratwn »

-

The data resultmg from this tomparison test do not support those , *
- ’

. results obtained in previous tests and the reason for this is not

-~

en t‘i.rely unders tood.

L)

processing scraps, soap, grease, and fiber glass was prob*]y a . "

The nature -Qf the waste wHich inctuded meat

contrjbuting factor.

the %o sanitary eng@eers'who were on*duty throughout the sampling -~

pe'r1od most of the compdmtors would have faﬂed Over the two-

da,/ period the foprmg equ1pment malfunctmns were noted and

corrected , . ) . « .-
* . Brailsford EP-1. - C(leaned e*ght times,-solids visibly y -
. accumu‘lated in the boftom of loops 1n, the intake hose

during the, entjre sa Hngkperiod + O
S_gmarhotor WA-A. - Clogged three times, cleaned whth- h
- compressed, N ’ -
- - ’ ®
/ISCO 1391 letely: c}ogged tmcé and ne: bottle -
v short on the‘#irst day, four bottles empty. on tha - R
second day. '

‘ 1] ‘ =

" NiCon. SurveJOr - Completely clogged six times with .
meat and ¢kin’ scrap}s at the constriction on thé intake -~
sidd Gf the 'pump . - y

o’ R . ’ -4

- Z I

2

-

“Without g'onstan,t attenfion upon the part of-'.‘ ¢ -
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- TABLEPAY . N r
RAW DATA  AND STATISTICAL SUMMARY OF SAMPLER COMPARISON STIDY A7 .

. . .
e KANSAS CITY, KANSAS, KAW POINT SEWAGE TREATMENT PLANT .
7 ) - ‘
¢ ! " 4 ] v v
: e . " -
nl
X A w13, 1973
. Aty
x| e [Rtermon CI‘_I e ar T; vopeem v m e, |0
Vior | e 1. ) " - yor
‘ L : ]
I
epnn [ oeeu | 1,2 ' I R I
TEH IR I ( @ P | oo
SN 62 360 “ N e
do & - L0g | oy I ¥ T 2 BER B Y
AUPTEN SR IR N C : P R B
ST N Y 340 w3 e N 44 e b
: zan | oLns] o 3o —,z/ o on oo e X
R IR 38 .23 1y . })! Vo < , . 5
Rt Lo B P Y %] RX 410 v 1.0n ¢ s . ,4:, B
3.6 Fe i omsh it 9o wof ey - %, 190
20w |20 L | ] ey oo ) ow | o
e PRV RPN Vs B B JLN I ] »y R L \ .3
2 . 48 10250 | 1o fA L S " obs |10
. R L0 ] L0001 LS ] o ] Ky |10
. .
. ﬁ ¥, LT N BT I A ty L nty i by
g bl fegm v b e ) 0 S el A I
Artthmet c Yesr, mg, < . re Y B E DT Y B A s 9@ |,000 I 01
Standard Meyatipn ,, =tmg’ N ) MR E TR
" sloeftrien: of Wb tatron, Perogge T, T - I 3 22 25 | o4 R 20 o wl -
+ hd ‘ I v
- IMetheds Nt Y Ran e Bl ’ e B | ~ [ o7 5 ] & - [] 5 5 -
™
’a Standary Deetat: ¢ Jue 1o Ssmpling 1Sy ! B ) mn RN - ey '8 185 -
A ] 7 s  — hd iy
Arithem'rc Mean T30 10 g Brar'sferd trt .’ . el 260 | ... (470 1,010 i dso ] rdbo 86 L3660 Jnm Y, 00 10A
Stande Deviep .~ <), tmg/! S .2 oo P . 35 1o, 165 207 193 - 13 IR NEE -
Coe¥ficignt of var. .x‘lon Percent - : it 1 10 £ 18 19 + - '3 Wl on -
Mpthods Out 11 m;— RN -' ; o 'y [ [] ’ - \.l [ 8 -
 Standarg Deylation wie to sdmple Ls,,) =Y . - I | 23] 1es | - X[ e w [ -
, m mfml, b, 0 03¢ - tare s et <« 5 .. ‘
- . . .
o Rt Y bmnm« w urvsy t the mdcc'h"‘ ) , € at ' . ! 7 \) - . =
EMC . R "l"W:" ,’(“‘: cr o~ mARLA n‘,.. ‘,.‘,;.\(.’,-, 1% o gt ent ¢ ‘."..sm( . . . ' 4
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oL e L three Lot es piy and
Yothie s ot an f'»:‘ day - o ottles empty bn
) . the second duy. S .

QCEC-CVE (61 cr/sec) - ‘ioqged orce, cleaned with
compressed air. '
Ve MKV7S - One bottle - short the first da, - sampler
t1r° appeared tc be about twenty percent fast as all
ity-four bottles were filled 1M nineteen hours. .

o+

Pro-Tech (6-150) - (Clogged completely four .times and
cleaned by reversxng inlet and outlet 11nes for one
sawo1e cycle . .

Tee]l Submersible Pump - TQentj fecur failures due

' - prwmarlly to fiber glass batt1ng clumps and 1r
‘ . several Jnstances grease. °

[y

C - ,}?,15 apéhrent that only the three QCEC samplers whith wgre
: operated ax 11qu1d 1ntake velocities above 61 cm/sec (2 fps) and

‘the Nszn Sentinel performed satisfactorily ' . s —

AN © 4. It is felt that the h1gh solids IeveP 1“the wastewater, par--
.\,l f1cu1ar1y the fiber- gl S, may have acted as a straining mechanism
o in the tub'ss aqd orific of the various compos1toriito an extent‘
' that would have maske those effects due to 11qu1d 1ntake ve]oc1ty
N~)ﬂf‘$i \ W1H1%!e exqept1on of the December 18¢39 €nd da*a the flows S :‘
prc:ort Jnal 3mofes col]erfed “th a bucket were ef n1gher strength f

‘ﬁan"“e ara*hnet1c mean of the concentratlons found in the samples .

) - *1e wted by otrer methods Looking at tne aﬁ:tnmetlc _mean of the
d ’. - ¢ * = ‘
WOONES daa *gr each method, -t ~r oe seer tnat onlg ofie composijtor .

N Y 4 : ., 4»" - ;

PICEC-TVE set at 9] cm/sec) produ-ed.hwqher strengtn samples than . 4 {
¢ ' .
MY o,

* e trose: resu,t.no from ranual f1ow—*r0u9rt ona? sampling with 3 o 2

"

+

»

L}
TAT Re trernnt g durate,

o TF this ;2" 21 technigue - - s
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P . ] .
<\ . it_is wpparent that the data 2 o5u’ ",

~

not nerma: , o .tributed.

e ¢

e \

deviat ot 15,

with and witnout tie Brailsford data.

oo o y/. A ~
: - ‘

Becau.~ *ne results obtained w-*n

and the coefficient of varigtion sere “aToutated .,

¢

“r. . tn@pther.methods are

e Braw]s‘ord EP-1 (method

»

3) differed siinificantly from the orher 2ata, the wean, standard.

txcept for the December

o

17-18 COL data, deletion of the Brailsford pesul ts incfeased the

mean and derrua;aﬁ th, g

v

4 v .
Looking at tne NF; s, it can be-seen

[/
\\\\>that excluding tn: Brailsford data resu ;bgﬁ in throwing more of

the compositcr aat> outs:de
one standard deviation. .
The dupiicate anglyses

the variation due. *n ringonm

be attributed to variations 1n sampler performance.

variations in sarnler performance car be

.g

; equatigns:

SZ=Sb2+'S‘

the rang of t

for NFS-made 1t

e manual flow data t
1] . ;

nessible to determine

laboratory érror and that which could

Using the

T method‘Qeve1oped by Ycuden (§) for staiﬁs;1ca1 analysis of inter-

1a60ratory co]ngorat}ve tests, the standard dgviation due to

—N
calculated. from the

Formula (1).

. .S, = Vid?/2n . Formula (2 .
r o ;
. . . -’ - " Ad )
, ’ - where: ‘ .
. . X .
r 4 Al .
e ", s = standard dev'atiun of “he rax data ‘
Ve 78 - : v D
NP ' f =, Standard deviatosn du- *0 sariatiors an .
o a“o ing techrrg.e ar LOTPls Lar pers
. orimne o .

o . ) . . ®
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‘ Sy =-standard deyiation due to random
. Taboratory' analytical error,
d" = absolute value of difference between
v ‘ dupTicate analyses
‘ n = number of samples

‘Because taking the difference between duplicates cancels out
a]] factors affecting data variability except those due to random

1aborator¥'error a single estimate of Sy can be obtained using the
sk

data for both days Tn'=.32), Us1ng the differesgees calculated in

-

) T.abTe xv""t can be shown that s‘.r fo® the NFS data is equal to t10*

mg/] Solving Formula (1) ﬂﬁ:ﬁb and u51ng the s of the raw data

it is a simple matter to ca]culate Sp- . These va]ues are shown in
£

Table XV for the NFS raw data wlth and w1thout the Bra1lsford )

‘results. D1sregard1n;‘!he means of the dup]icate analysis it can

be seen that sy ranged. from 92 to 271 mg/1. TComputation would.

show that the coeff1c1ent of variation due to samplé performance

varied from 9 to 22 percent

8. COMPARISON OF TWO MANUAL GRAB SAMPLING METHODS
In addition to var1at1ons in water chemistry data resulting

from 'di fferences in pqrfonngnces of automatic wastewater*composi-

' ‘tors,” the Field Invest1gat1ons staff has also found evidence of

.

data variability due to different manual grab sampling techniques.
The data shown in Tab]es XVI and XVII and’ pnesented graphi-

cally in Fiqures 2 and 3 were extracted fromian "ongoing" study of

an extraneous flow fac111ty. Th1s fac111ty, which is essegtially

a primary treatment p1ant, is activated by the risihg water level

. . : . .k
ﬁq} . . . . ) B
o L 73 ot

.
‘e

[




in a'saﬁitary.sewer resulting from storA'wate'~1nfiltration. This
unit taheg flows in exces;\af sewer (aédhitj,-CH}d}lnthS{ and p;o—
. yides apprgximately fh\rty minutes o%,séﬁqmen:atzon. }he clarifier
overf]owdis piped to a stream and thetsettled 5011ds ére,returned
to the sewer. Jhe rawiﬁasie to this facility v residential rn
character and beLomes progressively Qeaker n strenqgth as rainfall

and infiltration continde.

The influent and é?fluedt of this fa&ility have béen sampled on «

\

three separate occas1ons during su1tab1e raLnfaIY events . 'ﬁm"data
S own 1n Tables XVI and XVII were selected from the raw waste sam- -
pling results from the first two events. Dur1ng the first event
-(September 7, 1972) the raw waste was sampled’w1th a bucket at
16-min intervals from the time the clarifier started” filling.

During the second event (November 6, 19?2) the raw waste was sam-
pled with a submersibie pump* suspended at mid depth in the entering
waste stréam. buring the first event, fiveulaboratory containers
were filled from ‘he buciet. DUri%g ihe second even{ the five

¢

conta1ners were f1|1ed d1rectly fnom the d1schar?e erd of 'the. pump

hose whrch'had an estimated . 11qu1d ve10»1ty of 4. 4 m/sec (14.4 fps).
—;,& -

In the Jaboratory, aliquots for 8005 and NFS determinations were

extracted from the same sample container. Aligquots for 700 analysis -
. P A .

weré taken, from a separate, preserved, samp’e >

L

Compar1ng Tables XVI and XVII, 1t can be seen that\ he duratlon

(
of sanp11ng was longer for' the ‘second event and tha*‘there was a -

\

* - -Teel Submersible Pymp, Mddel 1P803, uayton Electmc
Manufactur1ng Company, Chicago, I111n01 £3648
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: 1me pemod

Conseqyeg,h}y, the water crmnnstrj *ta are compared»

. o i
*COD' and NFS. 1eve1'sﬁth time,;

over, the approxmat:: same’ e1apsed’2me penod
- Figure 2 sn[aws the fa*e of BO
for tile first event and mdtcate‘?that‘the concentratvons parti-

cu]arly NFS, did not foHow or’ reﬂect each other very well and. ‘
< Y
nat 19 of the 31 sets of grab {amples coHected (‘@ percent \.L ' .

BODS/C'OD ratios oreater than ‘unity. The mean BOD/COC rati

iy
"

'.7.98 with a standard dev1at1orD ) of tO 30 F1gure 3 which shops,

‘the data for the second evengpusmg the 5ubmer51b1e pump, 1nd1catés

“that there was an mprovement Jn the manner 1n wnicn the parameters ;;.
efoﬂwed’ each otherf' and thatkon"ry ona’ data point out f gmrty f1ve

had a BODS/COD ratfb greater tnan one.”" An eva1uat1on of the data
P from the second e‘Vent over the~same e1apsed t1me’pemod as tha!t of *

tne f1rst evefft ts«ﬂted in a mean BOQ/COD rat1o .0.52 w’ith as.
' R

of £0.11. Tab?e VIl a]so shows ‘a decrepse in 'f"\ the NFS

Jdata from’ +145 'mg/1 to =101 mg/1.. "
. A BODg/COD ratio mater ‘than..umty is never encountered in a ’

' domestlc waste and very se]dom encount.ered in an 1ndustr1a1 waste.

. - -

.The tw.waste of this fac;th or1g1nates in a res~€dent1a1 area M

N . ’ .

with mo Known industria]maste's or t'oxicants whi‘cr wo(ﬂd affect’ o -

WDS vadues Analyses from the first event wtnch are not repro- - .'

duced here 1nd1cated on]y negl1g1b1e\ onceﬁratlons of heavy metals

e

{ and 2 mean effluent 'BODS/COD ra_.tlo of 0.62° (twen.ty-fpur samples) ‘ )

4 ° ' -

with.211®ratios 1e’£han ane " . ' ' o |
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ﬂthough these two event; were completeTy 1nqependent and thg

.
-3

\

¥
data ‘from the. f, rst event totnc oncelvab]y represent actual waste-

L - 1'\ ® » P
water charactemsucs, tre data resﬁ]tmg frdm use of the bucket is

- at least qu~stwonob7’e Cgmparmg the .two events, 1t can d€ sgen
<L

' ) '
that there was a decline ink BODg av‘d NFS concentratlons of tire, '

@/samples tollected dumng the/fecona event however, the NFS/BDDs y

| Y

“or 7 ratids, which were, l 18 andd 27 for event 1 and 2 respectively, ~
. ’

- were in approxmate agreement Althuugh the BOD_:, \? NFS levels

. " .decreased durlng the lecond evenf tﬂere wal a3 55 percent Mcrease *

~"in COD. S1nce t 1s>1mposst,],e to ag1tate the contents of a paﬂ

‘ ésmd ﬂH a smali-gm hed Container s1mu] taneously, it is beheved ’
-5

!
that use of the bucké{to\coﬂect samp?es aHowed some o&*

ey

o o heavwer nonbwdegr&’UabTe’sohds to settle out. s¥he mgh discnarge

~ velocrty of t»he pump s beheved to have’ effectwely prevented any

settPement and ta, have reSulted 1n a more representatwe sample
e Data compamso;r from these two - events cast susp1c1on upon . ' v

manua? methods nf sarp ing which Mvﬂv‘ed dipping offsamples out-

P |}

2% raw waste sources an d mnsequentlj, ra1sed the questmn bt L
L »

-y

Y " whether or not manua‘ qrab. sanphng 15 ‘a suitable "yardst]ck" for
. i) :

eva]u-atmg the performance of autorr\atm wastewater samplers

¥

: : m @ . K

¢ MER!BORATOW f:rzmuows ey L S ¢ \
RN .| dami 15 *hr'ough ]d 1972, Field In\resmga 1074 personse] -
N '

conducteﬂ a perfomance test at *he 113,500- eu m/dqy (30 mgd) Kaw

- \ o
* - "mr" prlma 'y wastewater treatmert ~lant 1n Kansas < ’.,"‘ ¥ansas. “ "
- u
ta : - 4 .14 “’
# Vv Hants Lo seto grs 1,?‘»;' irstoales e, Jent mf‘ wore LIRegt 0 A
oo .- . S I .
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\a a]temater collect samp'Ies at’ hcurIy mtervals An I§CQ 1391-X *

=¥
Ed

L 'campqgtor was JnstaIIed at the efﬁuent and set to . collecgstmples v a
“at hourLy fntervals.: Between 0800- and 1000 hr each mommg the

. ‘d?screte sampIes coHected at each ‘of the two stations v)ere manu-

» 4

aIIy compos1ted according to the hourI_y pumpmg rate records for )
fthe thnee influent pumps servgng \tho plant. The compos.rted sanples.
-witl no preservatwn other than 1c1ng, were spht between - the . ‘

/ """“—*&’. treatment plant Iaboratory and‘ the EPA, Reglon VII, Laboratory for

. analysls ' "\ Lo . : } : - [/,. ,
) * ' *In addltion to the flow- pmportlona] compos1te sampIas,. tuo .-

grab smfples ‘were manually collected eac’h mormng at bo;h of “the s
- '1 .

sampT“ng stations. Durmg the Iast 24 hr connpo51te peri,od grab

. l; * }o
sanp]es were. coIIected at 2-hr mtervals from ‘the fnr’luent and .- (' o
»qg&icoo. The ‘grab sgnples were not 'sph‘t with ¢ity per-" o TE e

- . ’ 7
s v . .

= < s

sennel .’ . ' e oo . ' ' R
e data resuTtlng’?rom his 1nvest1§atlon are’ presented f,rl P
Table XVIII which also. shews the calcuIateé removaI effxcxencies e /\\ .

f

" for the three parametggiouadng the EPA and City anaI_yseIof the + VL o 1

f-,:omposne sampIes and thé EPA analyses of the grab S s. An "

(4

./’ .examnatlgn of -thIS table w&ld 1nd1cate{1cze ranges in removal :
* [ ‘ 4 ;'/ . iv
’ (Q efﬁcae‘ncies as a resul t‘of var1at1ons iR interlaboratory analyses
y - o

LT .and QI’ab §amp1e characteristics : R ‘ . e Y -,
. P . . - .

, - It can be. seEn.that the greatest znterTaborRory variatio
- R S ) .

S was in ,COD ana}ysn The four- da_y ar1thmet1c mean COD of tne N

. .° xﬁﬂuent samples anaIyzed by EPA and the c1t_y was 1,990 anj q 030 .' ‘ o

‘ 4. Y , . o 88 . . . L} " ) . '$‘o '\3 \
! P! . . , . » ¢ .

. e ‘ l’
I . ..
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' rzg/]' respertiver Or Apr 17 and M the var*',ah‘on ‘was evén more
pronounced wi th concentratwons of e,320 a‘ﬁd 493 mg/] R respectwely

\.

"ms d1fference is id exc‘~>sro’r' 1nterlaborat0ry varwatmns reported

> an Standard Methods (2,7p. 499). Investi gat1on’f0f 1a60ratory tech-
- - , - D

mqge reyea,l,ed that ' the 'EPA ]abOratdpy used larger aliquots whith
wwere, either drawn ,f‘rorh a.we‘—mixed sampie wi th an operr: tib pipette'
or poured -intd a graduated cyh‘nder The manner in whlch these
Iarger ahquots were qrawn is belieyeds tg nave’ resuited in greater

P .
and more representatweness amounts of nonfﬂterable reswdue

The data clear1y 1nd.’u:\te the 1nadequacy of relymg upon a { '

Hm/fd number of grab samp"les for determimng wast:water charac-.

terxshcs or plant performance Ep ever} case, the removal [ -

= W_»wv LN
eff1c1enc1es ca]cu]ated from the grab sarnp]e data were less than
thosne eff1menc1es deterrmned from ‘the compos1te sample data

réported by the two 1aborator1es sThe COD analyses of the raw

<

{«as‘te grab samples toﬂnec.ea at’2-hr m«er/az.s Aprﬂ 17 18 rangedv .

. t‘ror T, 030 to 2,950 mg/1, nad a meaﬂ £ 810 mg/l, and a standard

co dev1at4on of :545 mg/l (coe‘flrienf of vamatmn th\rtygercegt)

SUMJ‘AND bxscuss'lon o -
1. ‘SAMP'LER PERFORMANCE SN

! f
»

In every case, the samp]er comparison studies on raw waste
1nd1cated variations in water chem"istry data which were greater

1 4

‘than could be exp]avned by lahoratory ana}ymca] error.  This

. -

-va;iatmn wag Darf‘cuharly -narked w1th the NFS paraneter Tbe

.. »R1chards Gebaur sfudy neSu.tec 1n data wh1ch showed that in eign-t

90




Aruitoxt provided by Eric:

in telatiomgee the flow composites. S T e

.

of nine c*':es the.high-val ium, nign-”‘iqmc rgakn vel- -‘.’J.
i
38 and: QCEF CVE samplnvs produce4 time-to~ ;xmte sdm‘s w1th NFSj

J
1ev’e}s tnat range from 15 to 214 ,,e *fer' ; :ter tnqn {1 concen-

traugns fmmd in manuaH - -"‘c:t 1o anosneo 5ampnes

) I3

nfilterable sohds :Vn\u .zhon in the raw waste ‘samples
N I d

coHected with tne QC ;T Q,,-;-g'“rﬂr range frc. 13 to 100 percent

greater than the levels,preser: ‘n thise sa@es collected manu-.,
» s

ally. e This sampler was-used tp ol ect tinz-composite samples

which 1ncluded equ.a'!'vo1ur'e§ of the early mcming Tow-flow, Jow- *

str,en‘gth waste that yduld, n theor}’vave biased the' s.ample Tow-?

.
.

., A stamstlcal analysis of all the ras waste datc reSultm3

N

from the three day Richards- Gebaur-s udy res.ited in cofficients

[N

. of vamatmn of 29, 39, and 42 perren., cesoect:ve’./, for BODS.

v [ . P b
B o, and NFS. Ineluded in this variation were:.. (a), attual cndnges

.

. »
in wa§tewatgr characterist zs, /b) dw‘ferences ih sar xler perfor- -
. R 0 o L 4 B - . " LR
mance anc mar e’ ctecrnizuey, ¢ f1eld errgrs anual.compo‘mtmg\'

~ ©

-methods,’and (¢, Tapuratory randon;}analytma] [ ‘Standard

Methods'reports (2, p. 494, 439, 533) hoeff1c1ents b 'var1;twon of >

5, 6,5, and 10 to 33 percent, respectwvelj,. for these triree, '
A TN .
parameters as & reth of (rter’abora’ror, anl s0iedl coHabcratwe
‘

tests on 1dent1ca1 sm‘res As an est*w!‘e of the anaU 7cal error-

* 1 -

wmch coyld be expected from a singTe 1mboratowy v the-Sta"ndqrd
Methods varlance for£01‘ and hFC are h1g,h smfe qs*m&tw errors
¢ a . .

of & number of Tahnra orws 2re-irziuded. It s aao’r_er;,-t*xat the
. L [ ]




v,

. over a f1ve -day. pemod With the Hants 38 and ISCO- 1391 at Mh]and, . '

ct
. ‘ ,'?
aw waste samples col]ected concurr‘entl‘y mfé Q E‘C Cve, . °

4

s 4 : F1 ',

-

major source of data variabiM ty is. due to actua] changes in water ¢

chemlstry and field techniques. < C -y

%! ‘

The compa‘)mson study ‘of -the QCEC CVE and ISCO samp]ers at the L2

K Theresa Stt;eet 5ewage treatment plant in Linco

Neb raska, showed

J
‘that the QCEC c0mpos1tor produced time- conlposwte that were,

COD and  \ -
NFS thap those ﬂow comp051te samples ob‘fyned w1th an ISCO Model

' respectwely, 125, 134 and 182 percent h1gher in BO

' 780. The c0rr£spond[r§‘percentag_es fory the e'fﬂuent s'amples weére. "
W4, 129,and r R ’

LI 1 - i

v - .comp}ISOn ef raw waste flpw proportiona‘r samples coHected . ‘

. i’ . / b ¥ ) ° ) .'\
Nebr.aska, a1so 1nd1cated a b1as The mean B0Dg , . COD,’and NFS . o
‘ - .

concentratlons of the Hants samp]es were 179 ‘1£3 and 334 percent

v

hsgher‘tzhan tne levelkfound in -the' ISCO sanples The cornespondmg

values for the efﬂuent samples were 194, 146 and’' 220 percent, o Coe

wely ) ) | hY

i

erc& MKV?S,ind ah ISCO sampler at the Kartsas t\.t& ‘?@i&sas«, Kaw

Po1nt plant, had mean NFS eOncentrat:ons of V' 160 Z"ZO, amy 582139/1

'respectwely Thes‘ coqcentratmns had the same re]atlonsmp

. . B . t

eacb othe¥ as d'ld the Tiguid intake vel&q_mes of the saiplers, * 7 0%
. I I " Yoy -,
The com_pamson study at the Kay Po1nt plant usmg four d1£fe[\ €

ent manua] sampHng techmques and twe'lv’different compos1tors did s "
NG* “ngw any- correlation between hqu1d 1ntake velocfty and, param< "' o . '
s etes con: »ntranons This laca.qf corre?atmn was felt to be ‘due’
. E 3 » -/ ’ . . . . - \ ... .
. ‘.9.‘). . -
. . ~ ‘ g s ‘s 4
» = " M .

Y4
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) N to £y stra1n1ng mechamsm reSultmg from thg high levels of Sus- o
. \ N
o pende! sohds in_the waste. Begause duphcage anaTys1s for NFS

> was run for th1s study, it was poss1b1e to 1solate and est1mate ( e
[ )

v data var1ab1]1ty due to laboratory random: analytical error and that

a

e *due to d1fferences m compos1tor perforh%nce Standard deviation *

P Y *

g laboratory error was *101 mg/l (coefﬁ,ment of variation, .
s . K approximately IOIpercent). The deviation due to sampler perfonnance '
' ranged from 192 to 271 mg/1 (cpefﬁcient of. var1at1on 9 to 24 per-

cent) depend1ng upon whether or not Lhe Braﬂsford EP 1 sampl'e

X datd was anluded ' . TR -

g
¥ -
i . N

The compamson stud1es 1nd1cated fJHt the high vacuun, high -,
hqud fntake velocity samplers~ were mo@ effectwe in capturing
. solid ma.tema}. Althbugh ‘these un1ts aL;o produced higher concen-.
. o " trations of BODs and COD, the increase m,NFS was .d1sproport10nate1y
‘ tgreaterz It wou]d appear that the slowr-actmg pe¢1sta1t1c and

"p1ston pump type imp?ers are either not* capturvng Settleable
3 \
S mater1als or that after 1ntroduct1on fo the 'intake Tine part1c1e

-~

sétthng Ve]OCH’.TeS are&ngher than Hquid mtake ve]oc*ities v,

-
-

Another factor c0u1d be the a’g1tat1on of samp]e mcrements during
colleetion. " " The greatér mtake ve]‘oc1t1es of- those compos1tor's
“which havg y1e1ded h1g'~ strength saup]es may be breakmg up’ Ig‘ger .

4
‘size Suspended matemal as the ahQuot passes through the sampling

train ‘and mto the coHect1on contamer In‘the Jaboratory,

» L 1

RO QSpensnon of smaller s1zed ‘particles would be more -amendable to

)

cifxtractior 5f representative amounts o< residue with rgutine

L o pipetting procedures. B i
R S .- .98 s
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L]

" of tnis parameter because of its sens1t1’¥ity to changes in collece

* -availabie compos1tor:s and ewr-inrrna&'ng' varietie<. 5f equrprent

. v S a7
'()Hcad hbom.tory"on‘mtlons b :uitable comiheti wst:’ (a) .
/ -
* - ~ ' - . ’ -~ N ’
‘U,LH-L bt: used a. ,.r%for"anuc So- . Jachir e, '131115.3dmp]gl’~‘\ .
N » . f . " .
. - - R ‘ :r

2. ADDITIONAL PERFORMANCE STUDIES ° -

i b M - M i

. The Richards -Gebaur s tudy 1nd1cated evtremely wi de ranges in

- 2

apparent facitity removal eff1c1enc1es as ¢ functisn of g*‘ab samp]e

.

P

data which.was mampu]ated to show effects .of collection t1me,

#*
sampling frequency and interval, and days of sampling. Additional
comparison studies using identical sampl.ing equipment to_collect
/.
d1scmte, time-compdsite, and flow- composite sample »/ould be use-

)

fu] in developing more "adequate grab sarrphn; "\eh Lu,.ogms
At this point the Field Invest1gat1ons Suetion s oF-the
'obinion that littTe mbre can be gained from field e..luation of
samphng equapment on the basis of sample representatwe'ness © t
1% )

Under field cond1t1ons, variab]es cannot b\ cantro‘."ec, actud!

concentrations of wastewater chemistr, pardteters are unknown, and b

manual grab sampling is of questionable value as a "yardstick" Lot
against‘wh;ch to measure the performance ‘¢ f -autormatic samping T4 ,
equipment.

The variability of NFS concentrations é}dmates that it 15 o

especlaHy difficult to obtam representative sanni. toﬁ'.entrations. v

tion nfethodo]ogies. ®iven the "state of the art” of current’ly

. - .
comi.g on th‘market there is an urger* wwed for dc-vn]r-pr-.nqt ofa- . “/"\ -

syntiietic suspended sohds waste to evauate Sanplens um‘er .con~




4

="

, nequ\re cons1der‘at1’7r of the following, varlables

e effichnctes. - 7% “;

(b} could Qe usec to d%temwne the Jepresentot. ,eness of samples

S

collected by var1ous makes and models of COﬂlpOSltOf‘S (c) could
detenmne ‘the su1tab1hty of spec1f1c equ1pment for@artu.uhr

appheatxons, (d) would‘b!/a step toward standarduatvoh of sam-. - -
pl1ng methods (e) coqu re\sutt in reduced water chem1stcy varia- -

b111ty, and (f) would 1ncreoee- data cred1b1nt,/ for enforcement
’ - L

i fe ' [ & ' <
*‘ . ' Xl ; )

Dev.eilopmen_t of a s:yn}thetic solids wastéﬂ to be used in con-

act1v1t]es. .

junction with laboratory e;/atlua'tion of sampler performance would

(a) particle’

ste and spec1f1c grav1ty, (b) sampler. hqmd intake velocﬂy, (c)

mtake tube“dwmeter (d)' orientation_of intake” lme with respect

»
)

to waste stream veloc1ty vectors. and (e) 11qu1d temperature arrd

‘\_{ ° - « : ) K M
vrscos1ty LA N ‘ B . -

3. SELECTION OF SAMPLING EQUIPM§NT ~
. —~~ -
A1though the resu'] ts of the sampler com"parison gtudies are not

conclus?ve and additiona] work s needed, it 1s the gpinton of the,
Fie]d Invest1gat1ons Sectmon that h1gh VaCUUm Sa’nphng eqmpment - I
4 o

3
produces-more represen tat] vvampl es.

Un was te sources with
appreciab]e concentrat1onso of 1‘arge and/Or heau/y setﬂeame met‘erwl
such as a raw mumcdpaI wastewater, the section makes every eff« re X
“to inStall a hlgh vacuum umt when cpmpatw]e wltn site condinons
and data reimfements S1nce these Lufis ts _\deld hjgher vesul,ts, : L
they are of advantage to’ treatment pHnts in Ueterm 'ptaon of

re;nova\ effictencies. - .

~~L~w




Variations i Lompusitﬁr'perfonuaqce ot effluent sampling,

stations were found ¢ De Sma;‘e" due‘to water cneni‘try equaliza-
PR S ‘

tion resulting from plant retentyen times ana, *1t is fe]t to the

Tower’ 1evels of suspended-material whict, are smaller, more uniform,

and of 1ower dEns1ty than the part1c1es found in raw waste

Al though h1gh vacuum samplers can be éffect1ve1y used on these

wastes, the data wou1d indicate that well- ‘treated eff]uents w1th

no visible.solids can‘be representatively samp1ed w1thrthe slower

« .

acting compositors. : g

-

4. FLOW PROPORTIONAL SAMPLING

With present sampling technology, the sect1on fee]s that f]ow

compositing of raw hun1c1pa1 wastewaters and other wastes with
appreciable sett1eab1e solids is neither necessary nor jusqéfied.
The, variations in sampler performance and manual sampliné techniques
completely mask actual changes in wastewater'themistry character-
istics. At best, variations traceabl€ to eifferences in compositor.
performance ranged from 3 to 24 percent. In some "instances
difference% in NFS levels ‘were over‘300 percent. Data d%sdrepancies‘
“of this magnitude do not warrant the extra time and expense involved
in instd11ling sophisticated sampling eqeipment end f{gw“;nasureﬁent

-

devices. . >

-

The comparlson stud1es on treated wastes would indicate that
well- treated, spark11ng effluent w1th no visible so]1ﬁs .are

amenedle tc flow-proportional sampling and *hat a suﬁtabik compos i -

’ . °
tor -an be seiecteti without regard to variations in performance.
- *

[}
. 4 '

s/ 96
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This;wou]d also apply to industrial wastes which were all in“solu-

tion Aorm. R UL

Because of work 1oad the need for expediency, and the Timi ted
scope of most surveys the section genera]]y does not collect flow-
pnpport1ona} samples. Approx1mate1y 5 percent of the sampling
. stations the'sectiorf survegs,have weirs or f;umes equipped w1th
flow totalizers whtch are in proper working order suitable for
manual compos1t1ng of flou propOrt1ona1 samp]es Most of these
totalizers are located at the fac111ty influent. About 40 percent
of the stat1ons have only .a weir or flume and 50 percent have no.
medsurement device of any sort. ‘Itlis extremely rare:to find a
fac111ty with suitable flow-measurement devices on both influent
and’eff1uent stations. ) "

Most of -the flow-proportional sampling efforts of the section
_are confined to data gathering for enforcement dctivities, in-deptn )

eva]uat1ons of new and ex1st1ng treatment fac111t1es and investi- .

:gat1ons of 1ndustr1a1 processes where mass batances are of critical

.
»

importance.

It shou]d‘a1so be~pointed guf/that manuail f}ow compositinngf
discrete grab samples, whether/collected with an eutomattc sampler
or manualfy, introduces another possible sodrceyof error and
requires, rore time 6f the’ profess1ona] in the field. Sources of
error wou]d 1nc1ude. (a) not‘shaking~the d1screte sample prior to

.compositing, (b) miscalculation of correct sample volumes as a"

result of having to use a slide pule or electronic calculator to

97
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" data. ' 98

. B ' [ l

* determine discharge rates fron(ekponentia1 functioﬁ% based on head

'imeasurements, and (c)‘misreading of graduated cylinders. ~It would

Y |
appear that those automatic collection dev1ces wh1ch co?]ect f]ow-

o~

proport1ona1 aliquots and compos1te them in a s1n91e contalner

would be most effective in e11m1nat1ng this source of errer.
)

5. SAMPLING ME THODOLOGY |

Bata-from grab samples collected during the comparisoéstudies-

showed wide fluctuations in wastewater strengfh over a 24-hr period.

. . .
The Richards-Gebaur study resulted 1n NFS coefficients of variation

h -

wh1ch ranged from 44 to 60 perCent on the raw waste, 30 to 41 per-

cent on the énamary effluent, and 15 to 32 percent on the f1na1
9&:
effluent. Based upon collection of one grab sanfpler per day‘Tor

thrge days; itfwas shown that the apparent solids removal effi-

s
ciency of the Richards- Gebaur fac111ty ranged from -103 to +70
pércent depending wpon sample sollection time. Comparing six_grab

saanes per day with 24-hr manual flow compos1tes for one, two,

L4

/
and three days, it was shown' that mean grab sample eff1cfenc1es '

differed from the mean manuai composite efficiencies by 10, 3,‘and ]
[ J . A

5 percent, respectively. . ' . ’,

The rgy grab sample data from the Kansa?*C1ty, Kansas , Kaw
{

. Povnt sewage treatment flant. 1nvest1gat1on of April 15 to 18, 1973,

»

resulted in a COD standard deviation of t545-mg/1 and a, coefficient

(NS

" of variation of 30 percent. ReMoval efficiencies of this facility -

.calculated on the basis of two grah samples were in some instances
P ,

only a third of the efficiencies obtained with composite sample

a

\e
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These variations emphasize the imnortance of an adeguate

samplirg program 4nd approp:i‘&e }qdlgment. ‘A poi] of LPA, Surveil-

{ -~

Tgnce and Analysis staff-members around the country resulted in a * °
r . . .

eneral concurrence that for normally variable domestic vas tewaters
g . . - ¥

a minimum of 3 evenl -spaced grab samples collecged over a 24-nr
~ v

perxod, repeated for 1« mimimum 0f 3 wk days, W11 result an a fair

-

estimate of water chemistry character1st1cs ,

’

It s the opinion of the Field Investigations Sect1on that «

eithér t1me or ‘svw proport1ona1 samp{;ng shauld be used in routine

surveys and mon1tor1ng of municipal treatment plants unless those

variations which occur throughout the day are of interest. Analy-

-~

ses of an adquaté number of discrete grab samples to characterize
N -
wastewaters and p]aqt e?f1c1engies is an ifordinate drain of labo-

ratogy resources and is not economical]yéfdstified. The use of
- . ¢ ‘ .

. - . , .
automatic compositors can easily be offsef by savings in analyses
A .
. y .

costs. ,

The section confines most of its grab sampling efforts to ’

\ special studies and -enforcement activites. Betausé of the strict

°

chain of custpdy. procedunes wh1éﬂ can be exerc1sed w1th manually

collected grab samples, they are often uged to support those data

resulting from use of unattended compnsitors. . -~ '

Cons1derab1e Judgement is reqy1redrﬁor indystrial wastewater
1 ows wh1tn vary w1de1y in compos1t1on and: volume throughout the
work day‘ In1t1a1 surveys of industrial ﬂartawatews shou]d be

-
carried 5+ on]y after-a tho”ough undev;!apdlrg of'p”dx* processes.

+ -

v
]

)
Surveys shou1d 1nc]ude 24-hr-a-day cowfos1te 5amp11ng for a per1od

¢ | . 99
| ’ . b
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of 5 tays, fnc]uding the ngrmal seccnd shift FFiday cleanup perjod

*

- . For max 1nformat1on’of wastéWatér qua]wty and variability, it is.

* frequently a good idea to ingtall twg compositars - one with dis- '
crate sample Ja{s and on an hr cyc}e to provide for a flgw propor-
» :

4 ’

' tiona] composite and. also 4ndividual hourly\sa;plés for analysis.i y
. . A second compbsitor taking sha11~aliqdots'at’morevfrequent intervals \
k]O’to 15 min) can be used to obtain a sacond composite sample'

(/ wnich'shod15°contain portions of all of the batc; discharges’ of
¥ snort duration Comparison of ahalyses from’%he two aomposites'

LY
shou?d.g1ve a good 1$H1cation of whether or ﬂot sampling at a 1 -hr

frequency is gquate There are severa] var‘let1es of discrete

bottle composTtors now on-the market with a multiplex capab111ty
LR a F ’

wn1ch provides ‘for frequent samples, to be compos1ted Tn each of the
[ ]

X . b hgurly sample.jars negating the need for a second samp]erz ‘ e
. e THE IDEAL AUTOMATIC SAMPLER / )
3 : Manufacturers of samp’lers have yet to prodqce a unit which T
will meet all the sampling requ1rements and the phys1ca1 site .

: cond1t1ons encoahtered by the Field Investvgations Sect1on.
- Development of such a unit onld Qreat1y sf&p]ify the 1ogiet1ca1
5 prob]emeof prov1d1ng an adequate stocP of spare replacement parts )
- and would save that tine now spent in becoming fam111an w1th the N ”j
- ‘. . operation and repair of a large variety of samplers. - e
"As a resalt of field experience and sampler performanée com-
parison stud1es, the. sect1on has developed a- 11st of the features T

wracp- the C1gead

|./

samp.er would 1ncorporaté

R
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A 3 " '
\ . , . \
. 4 . . S
t. Capaoility for AC/DC operaticn with adequate dry

battery enerqy storage for 120-hr eperatioh at
-J-hr sampling intervals. . o

2. Suitable for suspension in a stahdard manhole and
"~ still provide access for- inspection and sample
. rembval, . ’ ‘

- .t
|

3. Total weight including batteries under 18 kg *-
(40°1b). ° ' -

A. s ,

‘frpm 18-

4. Sample collection interval adjustable
min to 4 hr, ’ ' u

¥

. ¢ . N,
5. Capability for flow-proportional and time-composite

samples. ‘ , '

. | A
6. Capable of collecting a single 9.5-1"(2.5-gal)

. sample and/or collecting 500-ml (0.13-ga1)'di$oretef

sagmples in a minimum of 24 containers. .
. s
- 7. Capability for multiplexing repeated aliquots into
" discrete bottles. . '

8. One intake hose with a minimum ID of 0.64 cn (0.25
) in.) and a weighted Streamlined intake screen which-
» will.prevent accumulation of solids’
. - L r -
9. ‘Intake hose' liquid velocity adjustable from 0 6]
. to 3 m/sec (2.0 to 10 fps) with dial settﬁng:;

10. Minimum“1ift of 6.1 m (20 ft),
1. Exbiosion proof.

'12. Watertight exterior case to protect, temponents in -
the event of*“rain,or submersion. . :

>

13. Exterior case capable of being locked and With 4u§§°

for attaching steel cable to prevent tampering and .

provide some security:_

¥
N\

4. Nolmetal parfs in contact with waste source or
. samples. " <~ L

15.. “An integral sample congdiner compartment capébﬂe.'
. of maintaining samplefat 4 to 6°C for e period’ of -
. 2§,hr at ambient temperatures up to 38°C. .o
’” L -

.
'

’ Rt
§ .
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16. -With the except1on of the intake hose, capabie of
- operating’in. a,tempera{ure range between -10 to | T |
e 40°C.,, ' :
} v ‘ . e '
7. Purge cycle pbefote and after each co11ect1on inter-
- val and senging mechanism to purge .in event of C
plugging during sample col]ect1on and then collect
- ~comp1ete sample. ! P -
* ]
. 18. Capabie of being repaired #n the field. N e
k . :
7: THE PROFESSIONAL ‘IN THE FIELD )

The data has shown manj sources of dété variability and .

empha31zes "the jmportance of having a profess1ona1 In the field to

select samphnn locations, equipment, and methodo]ogy It is %

™~

¢

obv1ou> that those 1nd1v1dua1$ responswble for surveys and sample.

’
collection activ1t1es can u?% afly of the generally accepted sam- ~
-pling techniques and equipment and still‘intentionqlly or uninten-

\, )
tionally manipulate apparent wastewater chemistry characteristics”
v . R .

-

and facility removal effigiencies.'

, The practice of usirig lTow-paid, unsdperyised'gersonne] to

collect-samples for analysis by.highly—paid professional cnemists N
v . . L.

is a misaﬁproprfation of technical-and economic resources which
can on]y result in'unrepresentative data.” !
It is little wonder that there are so many disagreements among ’
.'var10us respons1b1e Federa] state, c1ty, and 1ndiv1dua1 groups A
regarding water them1sery character1st1cs and facility performance

When variations in sampling’ methodology and\laboratory systemat1c

and random errors are further compounded by errors in .flow

|
measurements, differences can become;astrnnomicgl. Without an

T

N A ~ - . v, h) - 0 1]
¢ adequeze monitoring program and tight controls on sampling

- - 102 AR -
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techniques;

Q .

R

Aruitoxt provided by Eic:

- /
equipment, and 1aborator,}procedures,
i )

L4 .

1

“tion can be reduced to 1ittle more than an.exercise 1n futility.

data inferpretar

. »
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V. HYDRAULIC deASlLREMENTS/’ [P 3\
. . 4 .

Calculat1on of loadings effluent 11m1t&tion quant1t1es, ahd

flow proport1ona1 sampling require, hydrau?ic measurements The

need for accurate rate measurements is Just as great, if not”

greater than the neéd for good,representat1ve water chemistry data.
Ideally, the profess1ona1 in.the field survey1ng a wastewatdr system .
str1ves to develop a materials _mass bag;nce using the combination

of flow rate and parameter’toncentrat1on Because of blological * *

P

act1v1ty, errors Jin- f;Z» measurements, sampling methods ,- and labo-

ratory- ana1yt1ca1 rangom errors, a‘mass balancg is seldom achieved.

« .
. : > -

in practice. ' ) \
Because pf the variety of sampllng,stat1on configurat1ons
encounteredeand the essent1a11; emp1r1ca1 nature of’ most measurement
tefﬁniques, flow rate accuracy rema1ns as ore of the weakest aspects
of the field suryey. :
The F1eld Invest1gations Sect1on has no special expertise in
the area of hydrau11cs and a detai]ed d1scuss1on of the subagct is
beyond the scope of this report and would b presumebnous and redun-
dant in, 1ight of the number of'exceﬂent references (4, 5, 6, 7 8,
" 9) avallabTe\\\?ersonnel responsible for_flow measurement data

would be well advised to obtain and study the flrst ﬁour of these
]

. /
references. Particularly (4) which d1scus es most of those methods

likely to be of use in the field. ’ ioee

. . . I '<
Lt . s
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b
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. X
This chapter reports_these méihods and equipmént.which the
. - - . . i &« '

-

FieldaInvestigations Sect?on\ﬁas used in its surveys and indicates

4 1

‘those factdrs which can result in sjgnificant error. T
1% . ’ .. h ‘ ‘
B HEIRS, FLUMES, AND RECORDING‘EQU;PMEN? ‘.

1.7 WEIRS,

-

Approximately 50 percent of those sampling stations surveyed

'by the section have no flow measyreﬁent device of any sort and it

. ] .

"is frequently necessary for the section to make temporary instalja-

tions of equipmeént. Weirs can be.p]aégaj;ETéjﬁVely'quick]y and_are

" generally used at those sites requiring discharge measprements.

Weirs commonly insta]ledjby~section personnel or encohntered

.

’ - [ g é .
Y at wastewater treatmedt facilities have included: (a) 90° V-notch,
(b) 60° V-notch, (c) contracted rectanguTér, (d) suppressed rec¢-.
- ) . * ”l
tangular, and (e) Cipolletti. The following necessary conditions

are reported (4, p. 12-13) for setting weirs and getting accurdte
) discharge rate measurements: ° i -
! )
g a. -The upstream face of the bulkhead should be smooth :

and in a vertical' plane perpendicular to the axis
bf the channel. ) '

b. The upstréam face of the weir plate should be smooth,

Straight, and. flush with the upstream face of the
bylkhead. ‘

i

- . :
C. .The éntire crest should be a Tevel “phage surface
. '+ Mhich forms'a sharp, right-angled edge where it
. intersects the tpstream fate. The thickness of * -

thpe crest, measured.in the direction of flow; should

be between 1.to 2 mm (0.03 to 0.08 in.}. -Both side :

. edges of rectangular weirs should be .truly vgrtical
" @nd of the same- thickness as the @rest.,

.
v o *
~ -

4
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« 4 The Aéscré*w corfiers of the notch must be sharp. - o //
+ They should be macnined or filed perpendicular to : ‘

the. upstreari face, free of burts or scratches, and . S

. " not smoothed off with abrasive cloth or paper. Knife

N edges should be avoided because they are difficult
to maintain, ’ . . ’ ’

’ N .
- ) N

. V e.. The downstream edges . of the notch should be~ref1eved o
by chamfering if the plate is-thicker than the C
prescribed crest width. This chamfer should be at

an angle of 45 deg or more to the surface of-the
crest. .1 . .

' f." The distance of the crest from the bottom of the -
) ’ approach channel (weir pool) should preferably be v
not less tharn -twice the depth of water above the . :

crest and ir no case less than 0.305 m (1 ft).

\ g. The distance. from the sides of the weir t e sides -
. of the approath channel should preférably be no less

than twice the depth of water above the erest and

never less than 0.305 m (1 ft). ., . .

h. The cverflow sheet (nappe) shou1d touch only the

&
upstraam edges of the crest and sides. ! .
[
i 4
. , 1., Air should clrculate free]y both under and on the
. sides of the nappe . .
¢ J. The measuremenc of _head on the weir should be taken
. s « as the. difference in elevation betwean the crest and
( . . the water surface at a point upstream from the weir
a distance of four times,the max head on the crest. 9.
k. The cross- sect1ona1 area of the approach channe1
should be at least eight times that of the overflow .
- sheet at the crest for a distance upstream. from
fifteen to twenty times thé depti of the sheet.
1 ‘i; is probably safe to say that the Fie1d~Investigations . ‘ o
Section has never encountered a welr %nsta]{atien which met all of
Qtne preceding requifements. Weir crests are.not chamfered, are
v ) - . -
covered with.debris 'and béologifal growth, are-not flush with o
0 ! , . g ’ -
! buikhead plates, and are too clgse to bottom and sides of approach ~ '
_ p Channel. ./elocities o{ygpproacb'(va) are too hign as a result of /;//
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tﬁe weir poo) be1ng underdeSlgnedexo stgrt w1tb or as a resuTt of

-

-~ 7 deposition of so]1ds AsVa between O 3b§ and 0.61 m/sec (1 to 2 ")
o fps} can result in a‘d1scﬂbrg§.raty enﬂor ra~"ﬁﬂ§ from -10 to '
—_— - -

percent If weir pool Va are s1gnf?1cant they should be measured

with 4 current meter¥ or estlmated\w1th f]qats glf nOthlng else is .
: ~ 7

’ availa le) and corrected for (4, p. 25-26} ‘ _ )
. * 3y -
LA ' Some observed peir def1c1enc1es can be corrected; however,

. from a pract1xa] standpoint-a ]ossu:f accuracy must be expected as ‘
. . -

it is seldom fea51ble-to optimize al] 1nsta]]at1on requi rements .- v

R R Even at those 1ccat1ons at which thelli't1on -installs equ1pment

51te condftlons such as 1imi ted Space, H§drau11c,head and concrete

abutment Structures imPose 1nvest1§at1ve restra1nts-wh1ch are-a  ~_

l#

. comprom1se betwean time, econom1cs, and data requ1rements - 7
, ) '
2. FLUMES . : . ; "

The Parshall flume is one of the most comman types of f]ow

A~

» ' measurement dev1ces 1nsta11ed at wastew7ter treatment fac111t1es

:// ;ﬁ , and is preferred because. (&) 1t can gper te thhvrelatively smal] -

>,

//’ ' losses of head, (b) it 1s reTatlvely inse s1t1ve ‘to ve]oc1ty of

approach (c) 1f‘proper1y 1nsta11ed, 1t ww]] g1ve good measurements
Nover a w1de ‘range of downstream subme;gence and (d) flow ve1ocjt1es

are Suff1c1ent1y high to e11m1nate solids depos1tlon S

G
. ) Because of ;he t1me requ1red td proper?y 1nsta11 these devices, .

- the sect1on has not’ Set Parshal? flumes/;t any survey s1tes and S
- . - / N
b ' ' N $ ’
\ . . , - - . - ﬁk . . -
. ¢* See Page 102 . - . " . - }

. . LI
» v




exper1ence has been tonfined: to- those flume: encountered at waste-

-
\
. . )

. .

./ - LI . ' -

- . &

. . N

.

water treatment fac111t1es ) /
- , Pr1or to’ tak1ng Water measurement data, a Parshal] Sflume, should
\
: be chccked,to 'seé that: (a) longitudinal and lateral axes of crest’ .
T floor are leve] (b) side walls are parallel and throat dimensions
- ) ‘ . .
- close to des:gﬁ tolerances, (c) approach flows are uniformty _ &
S tributed in the upstream convergence sectlon, (d) heaéqﬁ;a%;
) dev1ces (1f installed) at correct Tocation, and»( ) flow variatidps
\ - ' N —
- are w1th1n the range for which the flume 1s accurate.. . T N
_.3. FLOW RECORDING EQUIPMENT s / R \" :
Y FACILITY RECORDERS : , .
About 25 percent of those fac111¢1es wh1ch have weirs. or flumes
also have. continuous flow recording equ1pment. ' rox1mate1y,ha1f
" ofthese 5nsta11ationsﬁhﬁve recorders which are 1n'proper_work1n§’ ',
_order. oo SR - i '
I s > T,
Sources of meastrement error with referding equipment are X
’ n common- to both wetrs and flumes argf in¢Tude: . . RS
(1) St1111ng well in wroqg ]ocat1on with respect to
i . weir or flume crést. ) .
: e = (2) Trash and debris .in st1111ng well and conduit . .
. - between f*bme and we]] piugged. = o T
S .
. -+ (3)-Float d1rty, punctured not vert1ca1, and rubb1ng R i
- ] against side of stilling well. Slack in float :
. . . cable. . . S .
. S 3 ‘ ' o7 - &
o (47 Wrong. récorder mu1t1p11er and chart paper. Pen not )
- . - inked anQ not giving respons1ve trace. Recorder

. . Hges -not zero. An error in calibration »f. 1.5, cm
(0:60 in.) can cause an error in rate measulginent

o ’ ranging to several hundred percenrt at lon. depths : ‘
’/3 . en smaltl weirs and twenty to th1rtx percent for :
sl N hS . . PRI . , .. . P

\‘1 . L . - “a D
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- 94’/%L;, P .
. L moderate depths' in flumes with throat w1dths‘hnder o \
R \ 30.5 cm;(lz in, ) '

v ‘t . ‘.
.t RS Pr1or to bs#ng flou data from plant recorders the {instrumen- v

t;!!on shouldobe manual]y checked by taking an instantaneous head
neasurement with ‘a staff gage or rule, calcu]at1ng a discharge

. rate, and chééking this rate dgainst the recorder .

.b., PORTABLE RECORDERS ' ; . L
kl) BELFORT LIQUID LEVEL REGORDER . . T

1

. The Sect1on has threewBelfort Portable L1quid Level Recorders*

which have been in use for four or f1ve yr. These recorders are

-

relat1ve1y rugged and extremely reliable when proper]y installed.

a

The units have many. pqs1t1ve,features wh1ch 1nclude the following:
(a) Fairly 1nexpens1ve at approx1mately 5320 each. ‘ Lo
. (b) Accurate and, asily read head measurements over a
B limitless ragge of water levels because the pin

traverses upw nd ‘down over the full width of the
chart as wagér levels rise or fall.

(c) Optionat gggbrding times available from six hours

to eight™days per chart revolution. )
. ‘%’“ - [ T
o (d) Mechanismis mechanically simple.and in most caSes Y )
. can be rgpaired in the field. ‘ —
The primary éﬁsadvantage of the Belfort Recorder 1s related to s

1§£ta11at1on Th it requires a stilling well for a floet and ‘?

q must be mounted? level One can .easily spend an entire day 1n con-
struet1on and 1nstalldt1on of st1111ng well and mounting platforok
and cal1brat16n of- recorder. The min d1am of the stilling well f‘-
(dependent upop float) is about 10 cm (4 in.). This well offers an

/" - - o -

* No 5-FW-1, Be]fo?t Instrument Company, 1600 South Clinton ‘<,
Street, Ba}timore Maryland 21224 o .

i 109
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obstructicr o flow and, consequently, the unit cannot be used for

small channels or in Hiqh velocjty channels carrying large amounts *

of debris. The instrument is almost impossible to install in mar-

- . N . . ; - . . . r
.holes. -

~ . (2) MANNING DIPPER RECORDER

. . The Manning Dipper .Recorder* sensé§ and, records water levels'

by means of a weighted electrical probe on the end of a thin metal

cable-wnich extends from the bottom of the. recorder. The probe e N\
- -'3 a . ’ ’
. follows the surface of the water and merely swings aside when hit
- rx; N .
by debris.. - :

. -~ .
The pnimary adntages of th%i instrument are an adaptabi]ity

Tk to-an almost limitless variety of site conf1gurat1ons and its ease

- .

. of 1nsta11at1on ~ At most locations the un1t can be 1nsta11ed and

calibrated in f1fteen .to twenty mih, The adjustable bracket

¥ ;

ingluded w1th the unit makes 1t particu]arly su1ted for manhole

-,

1nsta11atwons where it can be 1nsta11ed up to 7.6 m** (25 ft) above

-

the water surface. Since the unit operates’ on a 6-v battery***, )

-

smanhole instaltation provides;good equipment security as all com- °

¢

ponents are below étreetagrade and manhole covers -are replaced.

-~

The disadvantages of this unit include: (a) cost, units are //\j /

"3bout $835 each, (b) limited recorder range with respect to changes

in water fevel, (c) atcuracy,‘recqrder chart tannot be read
: ) . . -

; N | R

i - *. Moded ﬁ?&& , Manning En*aronmenta] Corporat1on, 112 Dakeota ,
‘; Street, Santa “Cruz, California 95060 , C T

. ** Longer cables are available - "o

# .
*** Eveready, Hot Shot #1461,\5ay -0-Vac #641, or equ1va1ent "
Q ’

. T Mo

.,
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Jdoser than 1.27 cm (0. 5 in.j, and (d) unmits .are fai?]y'sophisti-

\

' ca‘z electromca]]y and genegraH‘y cannot be repaired in the field.

ISCHARGE CALCULATIONS ® : S
It should be’pointed out th t.many portable recorders, includ-’

-

ing the Belfort and Mann1ng un1ts dstussed previously, record

~

water level only and do not have an™ 1nterna1 1ntegrat1ng mechanism
for totalizing: flows. w1th Parshall Flunes and most wi&;§ ffow ..
tate is a nonlinear function of head\and must either be determined
from pub1<shed tabulations (4) or ca]cu]ateq with the différent
expvnent1a1 formulas reported fdr various f]umes and weirs. Since
nany tabulations do not cover every variety'of flow. measurement
dev1ce, it is frequent]y necessany togma&e these calculations in the 7'
field when f}cw proport1on1ng sampjes Although any good slide " ‘
fule "i$ suitable. for these calcu%?t1ons, they are slow; 1ntroduce a
greater probability of error, aﬁ% are definftely not "technician
-.proof." To reduce ttme and 1ae;e;sg‘accuracy, it is recammended

4hat the 1nd1v1dua1 have a ﬁértahie e]ectr0n1c ca]culator* with an

‘exponent1a1 funct1on key as gan&~of his field equ1pment

;é -
B. ’ )

- ,"7‘ ' ’ﬁ.‘
duction to a treatmentisystem. In the absenie of flow measurement &
devices, these wells;f .be used te obtain rate’ measurements by -

) /"\.::f-*'v,-\k. .. o A . ' ’
, v dEae * ". . . o A

’!r

* Hewlett Packarﬂﬁéﬁdel HP 35 ar 45, Texas’ Instvuments Mode] SR-50,
+Sharp PC-1801 ﬁﬁh equivalent .
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shpped into a screw thread a’ socket ‘and. foried up against the"

38.1-cm (6-, 8-, 10-, i2-, and 15-in.) diam pipes are 143; 244; 5 Sk
. 11,0715 and 2,951 cu m/day (10,000; 17,000; 40,900; 74,750, and %

using the cro§s;sect1ona1 area of. he wel] and the frehuency of
“pump down" which can be estdblighed with the Belfort or Manning

units. - Y

C. FLOW RATES IN FIPES , X
1. VOLUMETRIC MEASUREMENT / o o e

Pl

On small discharges,/the section frequently uses a container

-

of kﬁown Gapacity and 3 fobwatch to detennine instantaneous flow
rates. With the plastf «SampTing buckets normally: used by the
v

section, discharge ra are 11m1ted to a maximum of about 76 1/min

(20 gpm). . LT
2. PIPE-WEIRS - . ' '
/

ii'The'section has” three sets of V-notiH weirs*, designed for

=

pipe 1nsta11at1on, which were purchased at d cost of‘@pproxlmately

-

$350 each . The weir is of a clear plastic mater1a1 caT1brated in
gpd’and is mounted in a sem1c1rcu1ar a]um1num‘frame wh1ch has a .. -
rubber gasket around the outside to insure a goed plpe f1t Proper
1nsta11at1on oﬁ the weir is aided by a Dubble 1eveﬂ attacned to the

frame. The we1rs are held in p]ace by extended rods which are

Crown of the,pipe.

Meximum‘weir flow rates 'with 15.2-, 20.3-, 2@t4—, 30.5-~, and-

-

*'N.'B. Products,, 35 Beulah 7cad, New Britain, Pa. .  °

112 SRR -



98 ) “

. ‘ . ’ - ‘
3 . » © 4 i
A

206,000 gpg), respective1y; The set -also has six adaptor plates

which the weirs can be set into in order to fit them to larger size
. . . ow
pipes. These adaptor plates do not increase the weir caﬁacities.

ATthough these weirs prov1de a qu1ck method- f@r gettmg

\mstantaneous flow rates, the erHhood of error is aPDremable

’

s1nce var1at10ns in approach ve]oc1t1es cannot be corrected for

In addtt1on max we1r(~sapac1t1es are much lower than max p1pe

. - . capac1t1es s1nce’the weir and frame obstruct ars1gn1f1cant part of"
’ . | the c‘ross-sectwna] area of the-pipe. . . g .
. 3. TRAJECTORY METHODS . P ' ]
- . CALIFORNIA PIPE METHOD : " .

The "water Measurement Manua]" stites four essent1a1 require-
\

ments for this fethod: (1) discharge pipe must be level, (2)Ait
! o - . 4

-, L 2N

must discharge’ parti'aﬁy full, (3) it must discharge freely into

, .
y '’ . . »
.

- _-igi.r,'and (4) the ve]oéit}- of approach mist be a min. ‘Digcharge

. ‘rates are COhPutethhe formula: S
A ' ' ’ v . N ) . -

' - »

. 8.69 (1. : 3))-8842.48 ) y

il
L0
"

’disf:h’a‘rge rate, cfs

- ) : where Q=
: : "2 = distance méasured in the,plape at the .
‘ end of the pipe, from the top of the ' ,
I . % inside surface of the pipe to the water :
 y m— . A surface ft .
o b ’ . M 4

d = 1nterna] dlam of ﬁhe p1pe. ft-

s

- v, " This formula was deyeloped from exper1menta1 data for p’ipes

7.62 tg 25.,4 cm 3 to ?O'ﬁ ‘) in diam and tests nave shown.that the




- .
f°"]a does ”°t hold up at-am a/d.ratic of Tess than 0.5 (4',.*p“ REEN

- 197) Thws formu]a shou]d not be used mt‘orrugateg metal pipes.

. ) . .

" b. PURDUE METHO& . A e’» R -
r -

\’( "‘ﬁns s a rﬁqre géneral ‘Fonn of the traJectory method wmch tan "

be «wised with p1pes ﬂowmg f‘uH and w1th high .ve10c‘|ties Basica’lb‘ .

-

the method cons is¢s of. measur1ng ‘the hor1zonta1 (X) and vertical LY) -

o coord‘inates"of"-the‘pa'th of.‘a"',je_.f. of v&a'te'r-:‘.‘issum'g‘ frQm a;’f]evel.‘ﬁi:pe.l
. . . - . " . e - ‘e £ %\ Caa Y o T T

: r The reader is referred tQ the "Wabér Measurement Ma‘nuak*' (A,, p 200-

v

J' . 203) for a descr1pt1on of thr’s method.and~ﬁor 'graphs shomhg di( -, © .

‘.
charge rates of d1fferent size pipes 5 a funiwn of the X and Y j
. . ! 1 N _d ‘-ﬁ' o v .
E coordinates W S T N e )
4. ORIFICE BUGK‘ET., ST s A T R ~ s
. As of this"writing, the Faﬂeld“ inveshgatmns Section has an* ﬁ

4\

exper'rence m th the ori f‘ice bucket and is’ present,}y eva]uatfng the JeetL T

- AR . p e ]

dev‘i-ce 1n the 1aboratory ,ﬁas;ca]f;c t_he 11; 15 n-othmg more than

-

. K sturdy 18 9- 1 (5 gail) o'r larger can w\th a numbe-r of rupber s‘top- )
At ' ' .

pered holes in the bottom and w1th~a gradu@ﬁedp1e10meter tube L _
the outside”.for r‘eadmg water leveles A screen o*'r d-ispersion
}

dev1te of .some sort s'ndu]d be mounted 1n the, bucket te reduoe>/ )

éhrect ve]oaty 1mp1hgement on the or1f1ces Pr1or to .ﬁe]d use ..

the’ devwcev must be cahb‘rated 1n the 1aboratory by removmg one of S

‘the rubber stoppers apd. .determmmg the ﬂow rate thrdu‘gh the |, . Yoo
\ .. P N 4 PE .~

/ or1f1ce at different constant heads with a known\ variab1e. uater

source, From the laboratory data a ratino curve 1s deve}oped for

‘thé bucket/showmg gpm versus-yqd for one oriﬁcé If‘ hole size '
- . ' ) . » N N

N : . / 119 , ' ’ N .
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1t ss not necessary t6 develop

toler:ances are carefm}y controlled,

e

a ratmg curve for ‘two or rnore ori f1~ces oper, as flew rate thmugh
each or1 f1ce wﬂ] be the same and equa] to that rate determmed for‘
one or1f]oe. Consequently, in the f1e1d larger dlscharge rates -are

’ ‘ determjned by mu]tip]ying the rate for one hele by the number of

" holes open. SinCe it is necessary-to have .a constant head in the :
oo bucket thw(dewce is gbviously not su1tab1e for those d1scbarges

=

.= .
‘ 4 with rap1d \ﬂuctuatwns in volume. Add1t1ona1 1n4F]1atlon €ah be *
o ~ found in (10, p. 30) and (11). | '
| 5. PANNING FORMULA _ e . ‘

Discharge rates-can:also h‘e calculated :by«detenn1n1ng the“

cross-sectional area of _the flow and the average vel¥icity in the

- -t
N : ~~ ¢ . ) . C L
. . cross section. With ci rcu]ar conduits the section frequently uses s
v » t ¢ ‘.
the Manning formu]a to esf'Tmate ve'lomty . ) o . ,
. ' - ) . } ' ‘ '. (u -
1 /'\ ‘ k ' ‘e -
Lo v =1.486 2/31/2 . .
. » o ¢ ‘\
. ‘ where: N = average velogity, fps T
=, ‘ r = hydraulic radius, a/p ' o '.,_ .
‘ . J " Lat aéea of cfoss section of stream, sq ftif Y,
3 p = wetted perjmeter of pipe, ft ‘ \Cﬁ
’ ' — }" s = s]ope, ft per 100 ft . : . .
" v , % ns roughness factor ' ‘
. e ¢ -— * . : ,
The roughness factors for various pipe materials can be found -
) . in h_ydrauh’c reference 'a.nd'text' books (12, 13), . K A .'
[N \. ¢ e ~ ! |
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Flow rates for pipes 0.152 to 1.22 @ (é to 48 in.) in diam at

-various depths of fldQ andks1opg; are aQai!ablé‘in tabulated form

(6) and are re]ative]y inexpensive.

In the field, section ,personnel use a cyrpenters square with,

an attached, pé!'..‘éizé, inclinometer* to measure pibe:§1opes. If

P

one is working at the open end of a pipe, the depth of flow ;ho&]d‘
be measured as fgr up in fhe pipe as possible,. otherwise errors due

to drawdown will be introduced intc the discharge calculation. If

L5
-

one is {nterested in a number of %easurements and is not certain
about a roughness factor (ﬁ),‘it is frequéntIy possible to gage
pipé disghérgeS'aF a.downstream poinbéin an .open éhanng] and then
sd]vé the Manning Formula for n. ’

. .

6. FLOWMETER .
The.section-has also used a number of different velocity
meters to‘determine pipe flow rates. One such meter is a digital

flow** device with a built-in counter that ‘counts the revolutions

, of a propeller, VE&locities are determined from a rating curve

Supp]ig? with the instruments ‘ This is a rugged instrument which is

n,c! serisitive to low velocities and ‘is, therefore, best sufted. to

v e

those high velocity flows wﬁfch might damage other types of meters:

4

At times the §ec}ion has aﬁsq used Price‘?§$e cu:rent meters

’ .

to determine pipe velocities. These meters should be used with

: DA
* Keuffel and Esser Company, New York - .
** pPigital” Flowmeter, Modé] 2030, General Oceanics, Inc., 8535 -

Northwest Seventh ‘Avenue, Miami, Florida 33127

: - 116




D. . OPEN CHANNEL,\QQw
1. STREAM GAGING

In its field a t‘\‘\ities th,e sect1on also does 4 significant
amount of stream gaging\ atﬂocahons where regeiving,water quality

is of interest. Basic items of equipment required for Stream
. / - \
gaging include: (a) current meter, (b) wading-rod, (c) sound box

or earphones to indicate meter revolutions, (d) stopwatch Ce) tag
line, and (f) small chpboa‘Rd and discharge measurement forms \

Meters wadirig rods, earRhone\s\ and tag lines are avaﬂable from a
Ea

number o.f suppliers*. [t is re\commended that one purchase equip-

. . : “\ ‘ /
ment from a.single manufacturer, @as components are not always

interchangeable. The discharge measurement forms** ysed by the

- *

section are p‘rinted on a rubberized paper and are supplied by the .

" General Services Administration (Form No. 7-EPA-5300-1).

.

As of this writing, the section has felied upon the Price type‘
current meter (both standard and pygmy ) for strear'n gaging. In the
near future, the section.will also have the .Ost meter avaﬂable.
Theit meter is of advantage in some situations where vertical

velocity gradients are a problem. . '

Y .
13

* Weather Measure Corporation, P. 0. Box 41257, Sacramento,
Califormia 95841 - Kahlsico Scientific Corporatwn, P. 0. Box"
1166, E1 Cajon, California 92022 - EPIC, Inc., 150 Nassau
Street New York, New York 10038
v .
** The Field Invest1gat10ns Section w11l furnish .one copy of this
form for examination or duphcatTrl

-

Ve
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. Sq;h of these meters are precision inmstruments and should be

.

,treated accordinq]y. The Price type meters are especia11y sens1ttve
E to worn pivots and errors in ve]ocify measuremeht of 20 percent of
flov. under €.15 m/3ec (0. 5 fps) are common with worn pivots\ bent d
T o cups, al*sohds under the cup and bushmg When using a. current
meter with a questionable pivot Qin or old rating, it is better §g
look for a site with velocities of about 0.30 m)sec (l”fps) or
- R *better as errors due to 1nert1a of the meter will be min1m1zed

Regular oils shoald not be used-on these meters during winter

&
Y !F _ weather as the increase in viscosity can seriously affect the

x
[ 2

' acCuracy of rate mea§hrement The s1licone type Iubr1cants are
not affected by changes 1n temperature '
. A]though there are a number of types of wading rods avai]ab1e§; -
. the section uses the USGS type top-setting rod These rods are - y |
made -under contract for the USGS and sources change from year to
. year. Within t‘% Regioﬁi current information 'on these rods would"

be available ‘from the USGS Water. Resources Divisiop, RoHa, \

- , Missour1 It is understood that this division must endorse orders

for this rod.
'_ The section has’received some requests for 1nfonmatienmcon- “ // )

Gérning meter calibration. Manufacturel"no longer supply current L

meters wh]ch have been calibrated by the Nat1ona1 Bureau of L

.

’
Faa
Standards and the section relies upon thos® rating tables furnished

- ' J
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«  -with each meter, If desired, the bureau* will calibrate metefs.,\
-

» -

An 1972 the cost for calibration to government and private a’gencfés

~

L2

was $116 per meter. )

2. ELECTROMAGNETIC WATER CURRENT METER

2 The‘se'ction has one of these unit$** which has received rather

' Timited use in the past\two yr. This 1s\_a batiery-oqerated, port-

able instrument which gives ‘a direct meter readout in fps'oflx and
v ’ . Y \}e1;>c1:;y components. The velocity sensing probe is all magnetic,
| has no moving parts and 1§ an integral part of a i.3-cm (0.5-1n.)
- - diam cable leading from the meter. This cable, with attached probe,
. can be purchased in des{red le’ngtﬁslﬁ The meter has-a recorder

-

.- output temminal. ‘ .
This unit has been used, primarily, in pipe"s with, high velocity
_ " discharges and {n small opén chghpels, Although the unit is port-

Yy ¥
. ‘ /s
able, it is rather heavy and not suited to a one-man operation for S

gagi;{'g.st'reams'*. Since yeloci ty“readout_1§ affected by probe orien-
. tatign. the probe. must‘éitﬁer be held by hand or fixed on a rigid-
rod when taking measurements. The price ($2,500) and complexity of
this unit ’ohibitq' r‘ougn“handl ing on any servic.é in the field.

A,A trial run of this }ns.trunnt' ('seze'Secuo.n E) when 1t was '’
first received resulted in}meter fluctuations of 0.3 fgs at a full

* (Correspondence Only) National Bureau of Standards, Hydraulics

" Section, Washington, D.C. 20234 - (Meters should be sent to)
, National Bureau of Standards, Hydraulics Section, Route 705,
. Quincy Orchard Road, Gaithersburg, Md. 20260

,** Model 721, Marsh-McBirney, Inc., 10453 Metropolitan Avenue,
Kensington, Md. 20795 . - R
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b7 , scale setting of 1 fps-while being held at a single position in a ! "

f]owi’n'g stream. As a result of this, the meter was retumed.'to pch

factoi;'y and an alternate 5- sec "time ‘constant" was’added to dahpen

| out meter ﬂuctuatmn; With this addition the 1hstrument has a
toggle switch to select the standayd, 1-sec time constant* or
alternate S=sec constant. This addition has greatly increased the.

, usefulness of the instrument.

E. . PRECISION Of THREE MEASUREMENT METHODS \
Soon afterf the section received the Marsh-McBirney current ‘

meter (MMCM) a water course, has sought in which it could be c&n:

bared with the Pr;ice type pygmy current meter (PPM).y As a r'esultb v ~

of a previous investigation, the weir pool u;xstr‘eamcf abl-em .

(24 1h )s sharp crested, contracted rectangu]ar weir** was selected.

bhth this discharge it. was possible,to get .three 1ndependent flow

rates simultaneously. These three rates were: (I) the .ra‘ted'w'pir‘

-c‘ﬁscharge, (2) the fate resultfng from MMCM _vélcci ty readings and
,the weir po'Bl cross-sectional area (plane paraHeﬂllto we'ir bulk-
heask), and (3) the ratg resulting from the PPM velocit,y readings
and the poot cross sectional area.

, s . The cross sect;on selected was about 2.13 m (7 ft) upstream

‘from the weir bulkhead,-had formed vertical sides 1.83 m (6 ft)

apart, and was relatively uhiform in.depth. The arithmetic mean

e s

* After positioning probe, "user must wait three times the time
constant before recording a ve]oc1ty reading ‘

** Midwest, _Solveﬁnts Company dfﬁxﬁrge in Atchison, Kansas
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deptr;~ (2'5~measureménts)‘was 30.7 em (12. 1 in. )vnth max and min - |
"depths being 35,6 cm (14 0 in.) and 26.7 th (10 %m.), respectively!
Traversing of the cr'os's section began at 1115 hr and ended at
‘_1535 hr June 3, 1972, Usmgiboth the MMM and PPM, which were ‘ ‘
mounted on essenttally identical wading rods, velocity measyrements- |
were made at 7 6-cm (0.25- fa‘ mtervals across the section at
depthsofsl 12.2, 18.3, andzmcm (0.2, 0.4, 96and08ft)
*The weir head during the cross sectioning ranged from 1§‘

(0.62 ft) to 20.4 cm (0 67 ft) and the mean head (8 readings}» was
19.8 cn (0.65 ft). v _

‘ Table XIX.shows the flow data resu?ting from cross sectioning-
with each of the two meters The wéir discharge rate and a summa-

L.
tion of the‘ncremental flow rates resul ting. from each meter were

as foﬂoys ,
.-, o
Weir 932 ‘329

Price Pygmy Weter' (PPM) 117.2 4.14

Electromagnetic Current

Meter (MMCM) - 98.8 349 - =
. ) Mean - 1103.1 3.64 (10 to 14 percent)

.

" These data would indjcate that under 1deal circunstances the ’
- $ection cannot determine Flow rates any closer than +10 percent
It should be pointed out that in routine surveys the séction would

never take 96 velocity readings in a 1.83-m (6-ft) cross: section

» . \
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SUNMARY OF FLOW DATA OBTAINED USING A PRICE TYPE PYGMY METER (PPM)

TAB

’

LE XIX

-

\;
©0 ‘ AND A ,MARSH MCBIRNEY CURRENT METER (MMCM) N\
) .
A}
L] * r -
- . . . E
Bistance From 0.00 0.25 0.50 0.75 1.00 1.25
€ Initial Point, fr(a) ’ : A - .
Depth, ftfa) 1.08 108 102 1.8 .| 117 1.08
area, fi2(b) 0.27 0.27 0.28 [, 0.27 0.29, 0.27
Depth From Water y »
Surface Of Velo?iyy - : Yelocity, fps .
Measurement, ft\2 PPM [1uMcH | PPM [MMOH | PPU fiuci | PP [uc T pem [imscn | P O
0.2 0.00 10.0 0.08 10.0 |0:06 40.0 [0.23 [0.20 {0.17 [0.15 [0.45 |0.20
0.4 0.00 {0.0 10.04 }0.0 0.06 J0.0 [0.09 [0.00 {0.12 {0.05 [0-20 {0.%
0.6 0.00 10.0 10.07 f0.0 0.0z |0.0 }0.03 f0.00 |0.07 |0.00 }0.0630.00
0.8 0.00 {0.0° 10:05 [0.0" |0.04 [0.0 |0.02.{0.00 }0.03 |0.05 Jo.24 {0.00
T an .~ |o.00fo.0 fo.06 [o.0 o.05 [o.0 Yo.09 [0.05 [0.10 J0.04 lo.2¢ Jo.13
’ Discharge, cfs(c) 000 0.0 [0.0160.0 [0.014[0.0 }0.0240.014]0.029]0.014]0.0650. 027
* erocity watio powman - -- 2.0 | 20 2.8
" .7 '{ i N - -
{ Distance From (a) ] ] ) B . .
Initial Point, fti? - 1.50 .75 2.00 2.25 2.50 2.7%
Depth “fta) 1.08 1.08 1.00 .00 b o100 | 100 -
! iréa, fe2(b) . 0.27 0.27 0.25 0.5 | 0.2 0.25
Depth From Water , Sl ) ’ .
Surface Of velo 1Sy S Velocity, fps |,
. Measurement, ft]e RPN [MHt 1 'PPH [MMCH | PP (MM -] et Tuck T+ oo [oescn | peM [
» - ]
0.2 0.56710.20 0.74 lo.60 [0.96 [0.70 [1.21 Jo.75 [123n|1 .00k .42 |1.00
. . 0.4 0.43 10.40 10.86 0.60 11.11 0.70 |1.25 fo.85 |4.24|3.05 hi.28 {1 10
. F 0.6, -, [0-22 10.40 10.42 10.50 J0.80 [0.60 |1.06 {0.85 |j.09 {80 |1.11 |0'90
0.8 0.09 [0.40 10.16 10.15 10.38 [6.20 0.57 {0.65 [©.80 |0.65 }0.75 |0.80
. Mean \ 0.32]9#35" [0.54 Jo.45 Jol81 [0.55 {1.02 [0.80 {1512 Jo.90 1.1# [0.95
-~ - B " A i \
] Discharge, cfs(¢) 0.666[0.094 [0. WS 10 $27]0. 202]0.137}0. 255 0.200] 0. 280 0. 225] 6. 288 [0 . 237
- v N L g >
- [elogity Ratigpp/tatcn % 1.20 1.50 1.30 125 .- 1.20
) . . J .. . . .
} vAa) Mu]tiply.by 0. 30 tain m . * (‘ v
. (b) Multiply by 0.0929Qpeglobtain sq in . .
o (c) Mltiply by 1.7 to oftajn.cu m/min ’ e ,
» «
. * - . . I . g ¥ . -
' 5 . ' s o . .
2. ©oo0 0 12g AL
. . ~
Ll i ‘ . - "' ‘.
- Q . - v LIRY i

ERIC.
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TABLE XIX (oonrmuéo)v :

AND A MARSH MCBIRNEY CURRENT METER (MMCM)

[ 33

o o.

————

"SUMMARY OF FLOW DATA OBTAINED-USING A PRICE TYPE PYGMY METER (PPM)

0’ “ > o
Distance From . 1 3.00 3.25 1.50 3.75 4.00 £.25
Initial Point, ft - .
Depth, fe(2) 3 100 -} 0.9 0.9 0.9 |. 0.9 '0.92
. . | areas re2(®) 0.2 024 0.24 0.24 0.24 0.23
" - — -
co. _ Depth From'Water Velocity,
2. | Surface Of Vel 1§y clty, fps -
: Measurement, ftl2 peM [micn | pow [oeacu | pem Jomicw | pem [rescm | pem [imecme [ pem [renion
0.2 ' 1.39 has [1.33 [1.05 130 .20 .38 15 {vi3s .20 138 |1.25
0.4 1.24 {1.05 1.20 |1.05 114 11.05 [1.25 .05 [1.22 1.06 |1.22 |1.15
0.6 1.08 [0.90 }1.00 Jo.80 J0.86 J0.90 [1.06 Jo.80 |0.96 [0.90 100 |1.00
.8 0.72 Jo.65 |0.67 |o.65 |o.28 |o.50 Jo.60 Jo.50 |o.38 [0.15 f0.20 [0.%0
Medn 1.12 Jo.95 [1.05 [0.90 [0.90 [0.90 }1.07 [o.85 [o.98_[0.80 Jo.95.]0.%0
| oischarge, cfsfc)  fo.280f0.238{0.252}0.2160.216]0.216]0. 257 [0.204 }0.235]6, 192]0. 218]0. 207
velocity fatio pp/mion] 1.20 1.15 1.00 1.25 1.20 T1.05
¥ . - '\ .
A -4
DfstanceKrom v’ 450 <} 47 . . . g
Initiak Point; &g‘;):, ° 500 525, 5.50 575
. | veptn, :z(i)\ e Ve L0092 0.92 0.9 0.88 0.88
Area, f12(b) 0.23 |* 023 |, o0.23 - 0.23 8.22 |- 0.2
Thpt: Rrom Water [N ' :v 1ot _
Surface 0f V. 0?1? elocity. fps AP
| Measurecent, ¥e(a) il G B CEN EEA EE B E R N D
0.2 1.38 [1.25 1.37' 1,35 11.38 [1.30 [1.12 }1.00 Jo.66 Jo.70 o.57 |o.60
.0.4 1.21 i .29 pras |1.30 [1.20 |1.04 fo.80 |0.76 {o.65 Jo.74 |0.60
. N Y 1.01 fo.95 [1.07 J0.96 [1.23 [1.00 |1.29 |0.%0 [0.80 |0.75 fo.65 {0.45
| 0.8 0-62 10,80 10.65 10 50 0.8 0.80 [0.81 [0 55 [0.46 0.50 [0.26 [0.25
% [mean 1.05 11.00-41.09 [1.00 J1.17 [1.10 [1.07 Jo.80 fo.67 [o.65 [0.56 [0.50
. Discharge, cfs(c) 0.242}0.2300.251]0.230{0.274]0.253{0.246 0 184[0.147{p.143]0.123]0.110
. Yelocity Ratio PPM/MMCM| 1.05 1.10 J100 .35 | 1.08 1.10
. 2
. - ., . * LY . /‘
- (a) Multiply by Q.3048 to obtainm A
- (b) Multiply by 0.0929 ;o obtain sq m
(c) Multiply by 1.7 to obtain cu m/mip

Pd
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tqit was only 30.7 cm (12.1 1n.) deep. outine work a max of
. ' . / '

twelve measurements would have been taken. General flow measurement
preeision in routine surveys is probably on the order of 220 or 25

percent. . ,

x; -
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) * VI. CONCLUSIONS a
Z As a result of’expe'riénce, sampler comparison stutdielg. and

accumulated survey infomia«t‘ion, the Field Investi:qaﬁons"’Section

has reached the foljowing‘conclqsions:’
—_— . 1. -Overall faﬂure’)rate of commercially available”
' - samplers is approximately 16 percent.

q . ,
o 2- Major cause of sampler malfunction is due to
plugging of intake lines. :

3. Operationg] reliability of commercially available
sampters varies significantly and application is a
major factor in selecting appropriate equipment.

4. Variations in nghfilterable solids concentrations
. of raw Waste samples as a result of differences in

. . sampling ®quipment or collection method are at ) .
- 'least 9 to 24 percent. . ..
.o 5. ‘Cu:;rently avaiTable sampling equipnient cannot be.
¥ o~ relied upon to produce representative samples.

- , 6. High vacuum samplers produce more representative
samples. and should be used on raw municipal waste-
S * waters and oth&r wastes with significant levels of
large heavy suspended material.
/ 7. Any sampler compatible with site conditidns and

- data requiremegts caf be used to sample well-
tvéa'ted effluents with no visible solids. - L

' ~8. Flow-proportional sampling of raw municipal waste-
waters with currently available sampling equipment -

K ' ' . 1s neitthgssary nor justified.
’ n . 9. Adequate d cn;.t;e grab sampling programs for
~ F \ . routine surveys®and monitoring of municipal .
- . © wastewaters require an inordinate amount of ‘

Taboratory resources' and should be replaced with
automatic compositing equipment. .

. 10. Current sampTing equipment_and methodologies need /‘./"r«,,
, to be refined to igprove data reproducibility ands
- accuracy. ’ . -
4
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13.

v

Apparent wastewater chemistry cpdracter1stjcs
and fac111ty removal efficiencies can easily be
manipulated by choice of samp11ng equipment and
methodology.

B ) . - /
.-" There is need for development of a synthetic

suspénded solids waste to evaluate sampler
performanceunder controlled Laboratory condi-.
t1o S.

Under‘ideél condi tions the'brecision of flow
measurement by section personnel is :10 percent.
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| f APPENDIX - R

NAMES AND ADDRESSES QF MANUFACTURERS AND* .
SUPPLTERS OF SAMPLERS LISTED IN TABLE I _

) S1gmamotor Modi! HA-;_ and Wh-2 . “

Sigmamotor, Inc.‘ . . ‘ .
- %~ 14 Elizabeth Street - . .. . 4 - S -
. : Middlpport. New YOVk 14109 ) - - .

. Brajlsford Model EV-] DY-1, apd EP1 o . ' !'.:\; N
" Brailsford and Company : o i

Milton Road )
-Rye, New York 10880 T N .

. R Tasting MachThes .- . ’~ o
' 400 Bayvfew Avenue , ~
‘ B . Anityville, New York .1-1701 ' o

S0 llland1392 T ~

A Instrumeqtati& Specia'lties Cmpany x-, - .
. Yoot P, 0, Box 5M7. ) FEUL L
R "LincoTn, Nebraska ’685053 L

Sirco MkV7S \ . R .
. 3, :
$irco Controls Company N

401 Second Avenue West o - ’
- Seattle, Washington 98119 _ T

20

+  Pro-Tech C6-126p T . g

. Pro-Tech, Inc. - .
Roberts Lane ’ '
- Malvern, PEnns_ylvaMa 19355 '

LEC Mode] CVE

Qual‘ty Control Equipment Conpany . .
’ . 2505 McKinley Avenle . ‘
K - . Des Moines, Iowa 50315 ' . . -

:».\\ . 912}" . . K «
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' N-Con Scout, Surveyor, a“ Sentinel ,’ y
.“N-Con Systems. Company, Inc.’

Clean Waters Building

‘New Rochelles New York 10801

rd
| \
\!
. ‘- ,
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- - Supplement IT’
* WASTEWATER SAMPLING METHODOLOGIES
: TAND
FLOW MEASUREMENT TECHN]QUES

Evaluation of The Quantum Science Limited
. Model GS-3600. .

by
Robert L. Greenall _
- April 19, 1976

-
A
'

&
Manufacturer: Quantum Science Ltd. y s
27 St. Georges Road - “ '
Cheltenham, Glos. G.L. 50 3 DT

g Eng}andf' .

“Price: 1 . ' $171.00 (As; of October 16, 1975)

P

Jopat

Type of Sample: Flow related ar time average, isokinetic
Ve Co sampling - -

/

Time-Compos te Range: 3 hours to 8 days . .
Sample Size: 3 Jiters maximum (0.79 galloms) |
Construction Matetial: “The sample chambeﬁ/is'unplasticized poly--

vinyl chloride. A1l other parts with the
exception of the regulator are polyprophlene.
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* . Sampler Description °

* The QS-3000-samplér offers a unique approach 'to liquid sam-
piing. It has no mbving par;s,'and'nequires no,p&wer to operaté.°
The -sample chamber is immerged in the ﬁémple stream, and the sample-
is forcéd by hydrostatic pressure through a 6fin (ﬂ236 1nch§s) 1n1etr )
into the chamber. The sampling rate is determined by the rate.
of air release, which is controlled by the adjustable regulator
and the depth of ﬁiqgid’above the inlet. The sample can bers
collected in either a flow relgted or tiﬁe related ﬁanner. Due
to the design of the inlet plug,.samples hfe‘rebo?tedly collected
. isokinetically. The following 1s a diagram andlmajqr'parti Tist

of the Qs-qooo: '

I} .
- e

]

Airr regulator controiling W sampling rite.
Coupler noctmq regulator to H ket, or the
TA mletﬁ)g

Fixing arm,

\ A T
. .
. Snorkel coupler allowing more snorth to be used
in deep water, -

One or more snorkels (3 arr supplmd,’/as standard).
Sample chamber. ] |
Blank plug. j

Inlet plug. o oo 5
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.For a more detailed description and operating procedure, .

refer to the ‘attached brochure.

' Eyaluation Procedure ‘ } . . .
o y Field Test ) , f 7 o
* : " - The smelihg performance evaluation of the.QS-3000 1fs done
at ‘the Kansas City, Kansas Kaw Point Sewage Treatment Plant (STP)

Y . ¥

.  Effluent. solids content of the primary. efflqpnt is high
enough téfz:::;ously test the ability of the sampler to co1lect
a sample with a representative content of sqspended solids The R
samples collected were.compared with those collected by an Isco
1392 1nstalled~at the same locatlon. The Isco 1392 was “chosen for
comparjson because it is the sampier most ofteh used by Water .
Sectien personnel to s;mple STP effluents, and because its' sampling =~
capabilities are as good &s any sampler available*at this time.
- Ihe QS-3000 was instailed in the clarifier, trough by clamping
_ . the snorkel to trench jacks which were wedged across tﬁe-trougﬁ. .
. The Isco sample inlet was placed rearby in the same trough. Simples ,
were co1lected from both samplers for 3 days. They were analyzed
t the Regional Laboratory for chemical oxygen demand (COD), non-
filterab]e so}ids (NFS), ‘and ammonia (NH3).

) . v
Laboratory Test ’ ;

A laboratory test was conducted to determine if the QS-3000
sampled at the rate at which the regulator was set.. The sampler
was immersed in a 20 gallon (76 .liters) aquarium and allowed to

sample for 24 hours. The test was performed on 2 days.

-134 )
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" Results

¢+ - -The rgufts' obtained from the somparison test with the
) - . - * '

Isco 1392 are presented below:

March 8-9
. 15C0 Qs-3000  Difference- -
" COD 938 mg/1 908 mg/1 . 2% -
O NFS 164 mg/1- 196 mg/1 oo . . |
I . < NHy  tBmg/1 16 mg/l 6 .
N _ _ , .
* - March 10-11 N (X
> coD 840 mi/1 875 mg/1 2% ’ |
. _NFS 164 mg/1  213mg/t 13 e
N3 16 mg/1 ° 14'mg/1. 7% - -
d ) : ) . .- '
March 11-12 o . - -
s P— } . . . .
+ = COD * 610 mg/1 660 mg/1 a4 .
..', L~ NFS 112 mg/1 .152'mg/l - S 15§ -
K N3 18 mg/1 g1y W
\ ~ N - PV '0_ o
-»
o 135 ’
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Q. ‘ - a . ] '
I N . » , _ 5 * .
. The average percent dtfferenoe of the daﬂy resu]ts for
coo, NFS and NH3 are 31, ‘12%, and 5% respect1ve1y ‘The percent-
ages age vﬁthin expectedprandom error for their respective ana]ysis -
. £
The: following .resu]ts were obtained from: the labo'?atory
test. . .4 o N
Date RS K T: 319,
SampHng Time } 24 hrs. . v 24 hrs. - )
Depth of Water . 37 o™ ' 0 35 cem_ :
Regulator Setting 1.5 Hters/24 hrs. 0.75 liters/24 hrs:
_ Sample Col]ected . 3.5 1iters | - 2. 8 liters - -
* = *The samp]er go]lected moreéan wo (2) ttmes the amount o 'f?
. for wh1ch 1t Was sét. \ R , L Y '
} - - : B ‘ -' H —
Discussion . X . o, o ’ A

e
/u
d"
) .

.’~

. wastewater 1n the Kaw Point c]ari,fier was not constant therefore . =

The companson demonstrated that the 0573000 is su1tabTe for
use as a was'tewater.and stream compositor -The . peirgent dffferences ’
of the anaTyt1cal results arecwithin expected random’ error for the
analyses The character and unt’ of suspended soHds of the v
waste effluent were such that similar resu]ts should be eXpﬁted ~
if-a stream tes't wasx{:o?duz o : . . N

The resuits fronl.the iaboratory test do not corre]ate with
the o,bservations gained dur1ng Held testing The‘ve] of the. 0]

~

. no exact test1ng of s_amphng rate cou]d ‘be done. 1 The, regu]ator

was set at a mate average head a,nd the amount of samp]e
¢l ected was’ observed 0 h@\\ess than the settinﬁg' Ihis observa%on
did not confirm the resul ts obtained from the laboratory test.. © =

. . '
v \ P .
] . . - - - ' -
N A

. ‘A
. . . N
. , .
) hd B . ’v Lo
.-, i . [ -
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;. - .. . Thé laboratory test was. not an' ideal it:?/?he liquid was static
- - ‘ ” ) ' . 1 : :
while the field'testing was done in:a ving Stream. - Ideal test- ~

-ing of sampHng rate should be cbne in a'moving stream a;’ station-

% ?’a!‘yhead : L ’ '\,,

* Several problems Were noted 1n use of the QS-3000 It is d1ff1-
e, .cult to submerge ah air fﬂled container with a volume%f approxi-
”&»\ ' mately three: (3“I1ters (183 cubig 1nches) It must be either
- : ~ . 'weighted or braced 1n§o§1tion in ordér to-r in squerged. Jh‘is.
' o -requ=1rement introduces’ the other 'prol;]em T l are no; mounting
- o bracketsmn‘the sampler. During test1ng it Wi ecure?by c1amp1ng
. o o }he snorkel but this . part 1s‘not substantial enough. to hoTMhe -

y . 7 sampler in a swift stream. Chances [o/f,breaking thesnorkel - -t
“.losing the saiﬁTer are too great.‘.A metal harness for th ple

-
‘4.

o ‘ chamber wﬂ] have. to bg fabricated. for future use. e N .
t‘, The over-aH per‘fonnance of the QS-3000 was *ery gOéda Con-

‘ ¥
i w . sidering performance, initial cost, ease of use and ma’rxnance;
- the sampler could be 2 very usefuT p1ece of equipment for future .J'

s sampHng needs. . _° - T . : ' <




*
-

. ) L)

!’i_‘g"", *  UNITED STATES ENVIRGNMENTAL PROTECTION AGENCY 126
$ <3 .- SURVEILLANCE AND ANALYSIS DIVISION ’
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v . February 4, 1976 - .
¥ . . o ., ' )
- “ |
! 4 ’ .

Mr. .Dick Fleenor o
c/o Manning Environmental Corporation

120 DuBods Street - i : . N
P.0. Box 1356 - . -
Santa Cruz,'Ca]ifo}nia 95061 LT e
14 . S < “ . ' ' ‘ \
Dear Mr. Fleenor: ' Y g -

4

. L]
£

=

. Attdched is the brief report of our efforts to use the sonar-type
flowmeter you “lodaned to ys for evaluation. ‘Basically, we had consider-
able difficulty in establishing the ‘calibration of the unit for a tem-
porary installation. You wiTl,nqpe, we pparently had some interference
due to, the spread of the signal,coné|.nd due to the lack of an adequate
portable support for ;hé“transduter, The flow chart which was obtained
from the trial of this unif is attached. The chart shows remarkable _

* stability as shown by the zero points which occur during the nighttii‘
hours when the pump is shut off on both days of record. The comparison
" of the .flow record obtained from your sonar meter and the plant perma-
nent flow recorder differ by 20 percent which is a significant yolume
of water. This error Could be caused by an error of approximate]y‘gne o |
inch im theecalibration of the unit which, as you can read in thew® -~
_ attached report, could have been easy to make. ; -

_ I-am not top familiar with the capabilities of the sonar-type unit
and the requirements for taegets for calibration, but some very spe- )
cific instructions and techniques for setup‘will[be required to make

-this unit perform with optional accuracy for temporary field setups.

. . é#ncerely,

/

"Wildiam J. LeXfer
Chief
* Water Section

- = _ o

¢

Attachments 1 T . (
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-~ © A QuICK gVALUATION OF THE USE QF_ THE .
. . -
: . MANNING’UTL-Z’OO_ULTRASONIC LEYEL TRANSMITTER-
= ’ ‘.~" B_Y , ’ . \ .

"Harry Kimball
u.s. Environmenta! Protection Aéency,wRegion VII

- Surveillance and Analysis Division
/

Peprdary 44,1976 S
T o
. . !
- { ‘ - l' ’b

_ The purpose of this report is to outlﬁpé tbe procedure used in

setting up and the prob]ems encountered wuth thé Mann1ng¢UTL 2100
-

Ultrasonic Level Transmitter plus some suggest1ons fbf future use.
2 o 7’?, ’“

> The Level Transm1tter was loaned to the v. S. Env1ronmenta1 Protect1oqb
Agency by the Manning Envwronmenta] Qorpordt1on and was used ‘at the
treatment plant at, Westpo1nt Nebraskaﬂyuanuary 21 thru.January 23, 1976.
The Level Transm1tter was znsta11ed on a six-inch Parshal] flume
with the use of a tripod. Tha transducer was'1gcated SO that there

was about .two feet of space Betweem thqxface of the transducer and the
hlghest.expected‘level of ;15 . (Experlmentatlon in the lab showed

tnat about two feet of space was necessary for proper operation )

The distance from the face of the transducer to ‘the bgttom;ogf the ﬂume-

f ' ) ;.-;” ' ’ 1:3«) . l ) ) ;_ -
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‘was measured to be 44 inches. The transduter was then removed and

.~:positioned'oger a manhole cower for calibration. - This is where problems‘)
" . 0“ - ]
~were encountered. The tripod was not tall enough to hold the transducer

- v

“)44 inches above the ﬁérget'(maqho]e cover). One ﬁember of the team had

’

to hold the transducer 44 inches above the target whi]e‘another~set the
range as described in the attached Ca11brat1on 1nstruct1on sheet. It

was d1ff1cu1t to ho]d the' transducer absolutely at the'right height and
.
level which caused the meter to jump while it was being zeroed. Also,

s

the presence of the person holding tie transducer will cause a change

- .

in the readiﬁﬁt (This was determined in the 1ab‘bef0re the field test.)
Andﬁhecgpossible source of e?ror wds the fact that the manholé cover
had three r1§95 1/2-inch high and 3/4 inch wide oM top of.it.

The transdurer was then pos1t1oned 23 inches qbove the target.

This\c0u1d be dong:wlth the tripod. The span wa§ set according to the
* Calibratior instruction sheet. This gaveka span of 21 inches (fﬁBm 44 -

inches tg 23 inchesgilp It was p1éced 44 1nches above thé bottom of the

, flume in a3 14K pn3|t1on (there 135 3 bubble on the top of the trans-
)

ducger for thzs p;rpiijﬁgand se0ured:ﬂ1th f1b°rg!ass tape.

. - .
- Due to tne’fact.t t the mefer could not *be brought to zerd or

. ‘ & N v -
100-without the gcho light remaining on (see the Ca]ibration-sheet). the 7

heter readings at gggf44- and-23-inch distances were marked on the str{p
¢ .

w chart recordgr.’ This 1eft.the 21-inch span with 47 units on the paper

) u . B . Y

tape instead of fifty.
L

; ~1'4U ; v




The instrument case with strip chart ﬁsfngzﬁywas wrapped in a

.- R L . N s
T plastic bag GHQvSQ& onvthe.ground. The case appéared to be well sealed

R .' . ‘ . '. \*
against moisture,. but the plastic bag was used for added protection *
%2 , - - :

against frost. o T : .

- "t

The first_and most important recommendation is the use of a tall

a2

tripod. The largest sou%cg‘of error is pkobéb]y in the calibration of

the instrument. The setfing of the'}ange was very rough due to the lack

of a solid support. Acollapsible five-foot tripod would have increased
A.-\ L 4 4

s the.precision of the range calibration substartially. It wouldsbe best
if the tripod were designed so -that the 1eveliﬁ§ of the transducer

/ . .- . “
could, be done with thumbscrews .rather than by movjng the tripod, which °

-y

LI

~ also changed the height of the transducer. ‘
c A steel target should be carfied by the operqtdr-for calibration
rather than relying dﬁ finding a manhole cover or something else.at the

i treatment p1aﬁt.' S : *®
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CALIBRATION

' 13¢-

.|

CAUTION: DO NOTOPERATE THIS UNIT WITH TRANSDUCER-OISCONECTED.

-

Tuxn power on y !
. e * ‘
2. Turn span and range pots CCA# to stops “~ -
Perpendicular a) exactly upr1ght or vert1cal b) belng at right
angles to a given line or plan , o

Note: In all cases, the Transducer face must be parallel to the

P

o

. . surface being mg}sured, so the beam will bebperpend;culaf
. ta the surface. % '
: -® '
- M \‘
- 3. Set tArget at zero level (minitum level, no flow, maximm distancc?"~
L I s
-

4. Turn rénge pot CW until echo light stops flashing, then turn sicwly
; © ' CCW until meter reads zero % (Note:. echo light may flask cccasionally,

but not regularly. Tweak pot if necessary)
. .
LI ’ . v

S. Move targst to max level (Full flow, minihum.distaﬁce)

¥

i . .
. 6. Turn span pot CW until echo light stops flashing, then CCW until

- meter reads 100%. (Th° .echo light may flash occasionally, causing
the meter to Jump above 10Q%. Tweak pot for 100%)
Tr:»_’:_;’ el Sr., o .= . o e :..’v‘a n{ 14‘-" -‘.‘_ -
T i - -
!
. )
g
L] . »
; s
b
' A

o N .
. - - N
.
@
B
- -
.
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ECHO LIGHT ) K
- ) ' '
. ' What it Tells You,

- - v .

Power On,‘Ca_librati}m Switches Down

—

I3
.
! N

OFF: Good Echo,¥n range, in span , e .

FLASHING: Good Eche, out of range, span, or both\
oN; Inadequate (bad) eChO . BRI 1

-

.

Not%. False dlcatlons . o - ‘p
1. If power off or low :
2. If gam too high (meter o-—e- 100% ard echo llght out)
3. Unit imp) 'nerly grounded \meter over 100%, or bou.ncmg

around -

«)\// . “ ; .
GAIN (Alming'the Transcfucer) . )
Lift meter switch 'up, the meter now indicates the strength.of the return
echo. Witﬁ; the target at nin. Iével (zero, max distance from Transducer
ain the Transducer fro a maximum indication. f ’ )
§. 1If over 100% reduce gain (CCw) '
2. If under 70% incrfase gain (CW) K

¢ is nowral for the meter me~bounce about 10%, if it periodically bounc

1]

+
.
.
L)
.
.
" 3
+
----m-_.-

above anc beiow this amount, eithgr the target is moving (ripples, waves

“turbulent air between Transducer and surface) or the unit is impreperly

. - N .
gr~ALd. . . o .

; Y

-
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2 YA . .SURVEILLANCE AND ANALYSIS DIVISION
j . REGION ViI ,
Y et 25 FUNSTON ROAD

_KANSAS CITY, KANSAS 04118

. JFebruary 4, 1976
/ . , .

Mr. Dick Fleenor

Manning Environmental Corp. .
120 DuBois Street : : . -

P. 0. Box.1356 ’ :

Santa Cruz, California 95061 - _ ,

. Dear Mr. Fleenor:

. We appreciate the opportunity to test the prototype Portable Discrete
Nastewater Sampler Mode] #4040 which you recently sent uss As we have
discussed before, we feel that this unit and its predecessor the S-4000
are among the most flexible and desirable Units on the market" today. We

_have used the compositor for several weeks .in various sample collection

efforts and are now packing it up to ship it back to you.
) ' [ d

. Basically the un# is similar to the $S-4000 in .that-it operates
with a vacuum pump off a 12 volt lead acid®attery contained in the case.
“The intake velogity with theé sample’hose swglied is 5.0 to 5.1 fps at

‘a 3-foot suction head. The unit supplied to us operated through 4%.
days of hourly, sample collections of 300 ml samples at a 3-foot suction

-

head with-one fully charged battery as supplied. , , ;

- . . ]

_Specific comments by our field staff are listed below and should
be evaluated from the perspective that we do feel this is one of the
best units on the market today. .

A. Specific Attractions .

1. The new quick tonnect intake hose fitting is a reaT"timq,
saver, especially during cold weather, and performed -
flawlessly during our trials.

2. Addition of the samples/bottle-bottles/sample option
significantly increases the range of application of ﬁhis

unit. .
—d

-

3. Sealing the controls against the atmospheke in the
- installation sides should improve the longevity of the -
circuitry. n s , .

\

B. Areas of Needed Improvement

q.,]. The .normal way we carry the compositor to and from.each
site is by one handle. In this position the lead acid

-

a

-

O UNITED STATES ENVIRONMENTAL PROTECTION AGENCY - 133

£




battery roufinely leaked 6n the components of the sampler

mechanism, on the ground, and occasionally on"the clothes

of the sample collector. . *

2. 'The cabe hardware and fit of the components is still not

. ideal. As received from you,.some of the latches were

, _ loose and by the time we had used the unit for a month it
was necessary to take numerous extra precautions to keep

- the parts together. .

3. ‘The manual cycle switch which was on the $-4000 and has
- now been deleted was a very desirable feature and should
. have been retained. We routinely use this to check
performance at each installation prior to leaving the
site. -

4.' The ice compartment is still not large enough to maintain
4°C durigg the summer and thé shape of the bottles is not .
conduciilfto removing all the solids when measured quantities
are removed for preparation of-whole compo§ites. '

‘ 5. We frequently have access to 110 Volt AC at sampling sites
b ’ ~ and it would be a distinct advantage to have the compositor
- . . capable of AC-DC operation. ' '

6. Our limited experience with the new type sample aliquot - A
_~ size mechanism is that it is a large step backward. The
- knife edge slot created by the spiral slotted sleeve tends
-~ L o - to catch any stringy se1ids and cause the volume of the ™

samptes collected to vary considerd®ly during the composite :
period. T -

7. A=quick connéb%??itting on the distributor arm similar to
- that on the intike hose would facilitate use of the #4040
with a siygle bottle and increase its flexibility.

R . .
i I hope this.review suits’your expectations and we will be pleased to -
cooperate in similar efforts in the future, if you so desire.

- : <::::; ‘ Sincerely, T

s

Water Section
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SUBJECT: Sigmamotor LMS 400 Flowmeter Serial Numbers 118 DATE: July 16, 1975
and 127 —
FROM: Daniel J, Harris - s
. Sanitary Engineer — o
. . 7 -
10: A1l Water Survey Staff . ‘ -

The subject instruments have been tested under laboratory .
—conditions_at various controlled temperatures using the following
flow rate situation: - . p

I

Pr1mary Dev1c¥ 18-inch ’Parshé]] flume .
Head {constant): 10 inch (0.833 ft)

C -

“Flow Rate (calewlated): 2.93 mgd (4.530 ft 3/sec)

. The following data indicate the maximum percentage variation
in flow at the three temperatures which were selected:

-

Temperature Instrument Sertal Number
. °C 2F ng 127
- 25 77 - 0 -2 .
5 a1 T, T -
.46 114 ~% "0 - 43 '
o 30 86 A S :

" Over the four-day testing period, the mean daily flow rate
of instrument No. 118, as determined from the instrument totalizer,
was within 0.5 percent of the caleulated rate. The tptaltzer
. reading of instrument No. 127 was also within this percentage.
Previous difficulties with these instruments are considered °
to be eliminated and the subject equ1pment fully suitable for
field work. . -

[




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY .

- : ' Ie
SUBJECT. Evaluation.of the Instrumeniation Spkcialties © DATE: July 23, 1975
Company (ISCQ) Mode: 1700 Flow Meter -
- ’ e .
FRO: Daniel J. Harris «ﬁér}*(
Sanitary Engineer, Water Section, Region VII ) o
, ' 1

TO . Files

The prototypgeof the subject instrument, which was not in
production at the time of this writing, was loaned to the:Water
» ~ Section for evaluation. This membrandum reports the results of
a laboratory test which was run on the' ISCO 1700 and presents
an appraisal of the 1nstrument features. . :

A brief lTi1st of pertinent cpec1f1cat10ns of the 1700 F]ow
Meter follows: .~

Sensor: lead 1eve1 presgure detector
Powér Source: 12-v DC or power jpack for 112;v conversion

.

Pressure Source' internal air pump and tank 'J; ,

"Size: Length 18.5 in. {(with battery?@ ' o

Height 10.1 in. . >
m‘ 10 in.

khart Recorder: None, has outbut términaT

Totalizer: virect read gut, no conver§1ons - can be reset

to zero
’

Bubble Rate: AM4justable externally
‘Head Range: 0-1, 0-2, and 0-3 ft
Caée' Heavy plast1c, reported]y waterproof o '

Cése Latcnes: P]ast1c

. 'Price: Not available ;
. " [The subject instrument was tested at various -temperatures ’
unde laboratory cormditions using the fol]ow1ng simu]ated . o
situation:
Primary Device: lB-inch'ParshaJl flume - . T -
Head: " 10 inches (0.833 ft) =~ - Lo
- ’. . . 2

, L, 148 L - S
EPA Form 1320.6 (Rav. 6.72) - ’ :

e
»
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. . = ’ ‘
R < ' oy 0.026 /
Formula: Q = 4W Ha I(SZZN )
' ' iuheyv CUNRES S I Mte, vy @
R _ N = throat width, ft -
-(;) , “Ha 5. Head, ft ’ v
~b - T . ‘ y
. Q v = 4,530 ft 3/sec -
) .. (0 .833 fvt) = 2 :93 MGD A -
. Instrument Settings® T
; ‘ . ~ Range = 1 ft ' o P
T T Sca11ng constant = 6 ] ft 3/sec*
*Flow rate- through 18-inch Parshall flume. w1th f'ft head. w

..The following table 1nd1cates the temperatures at which the
instrument was tested and the flows taken from the instrument
flow totalizer as well as the calculated elapsed flows.

.

Date | Time Elapsed | Totalizer |CGalculated a
1 Jduly Temp. "Time Readbng Total f emarks
1975 |Military | °C" | Seconds FTow ft )

[ 23 ] - &
1T |- 1140 25 0 0 ‘0 |.Room Temperature ™
n 1i52 | 25 720 3,090 3,261 | -, . . A
11 1244 25. 3,840 17,450 17,395 "

11 1506 25 = 12,360 55,890 55,990
1 2016 -7 25 30,960 137,640 140,248 - A
12 |- 1720 25 106,800 |.- 480,720 483,804 : )
12 | 1730 25 107,400 481,940 6 - 486,522 Oy
M 10733 5°' 1244,380 [1.075 x 10°] 1.11 x 106 | Transfer to cold Rm )
14 1037 42 255,420 |1.12 1.157 ‘. .r
{4 - 1247 46 263,220 {1.161 1.193 X -
4 151% 46 {272,100 |1.2047 T 1.233 :
14 | 1758 . | 31 |281,880 |1.2491 1.277 -
15 0732 30 330,720 |1.472 1.498. - .
15 1247 .30 349,620 [1.559 1.583" o
15. 1445 30 356,700 |1.592 1.615 . . i <
S BN Y
- . 149 R
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wmnld indica hat the totahzer

te
e calculated ?’o‘;\vs ‘and were well ~»
™ ‘Withjn the toler"ances neéded £or arfy practica

= _ prs{cation. Temp-

- *° ¥ ‘erature chaige had Y not1qe le effect on the zin\‘c?;ment other -
; . thqn producn‘ig somé-variation!in water volume which resulted®¥n

minodr ‘Ghanges in heag This change was prdbably “responsible for

. . An exarhihatwh of the table
- flows compared favoaab]y with

"y - the difference between the tatahze«r readings and the calculated . -
¥ flow rate.. - . ) . - . '
e L. , .

. . The 1nstrumen¢ was found to be simple to set up. The end
© o =of t 1/8 in? I1.D, bubble tupe does not have ta be at the same
—y _ elevation ds the botton st of the primary device, Differences -
a / “in e]evat1on~(w1th1n an be zerved out with an adjustment
: . knob. The, instrumefit is PV equipped with a sensorgwhich detects
R A sudden inggeases-in head

E andémill momentdrily increa trfe air Y
, L flow rates This feature reduces waiting tame in setting up and
", “-w .+, calibrating the flowmeter, AR & -

L )

w

.. - " The 1ns1:rument reqmres a separat'e circular disk, which is
so read electronically by the ‘f‘nstrumanhfor each type of primary
A ‘dev1ce .These disks$" are. readily changEd in a matter of secdnds.

o - - ¢ * A * “
B e . T e 1nstrument' tested was we]]‘constructed with good. quahty ’
5 : . hardu -The heavy plastxc -case. would -appear to psrrmt a great. | |
G deal o’r‘”abuse . ) C e g B .
. The flexible p]ast1c ]atches on the. prototype are a source
. ‘ _of ¢oncern.. Field €xperienee by .the Water Section.has indicated

., -8 7 that th1s type of ]atth frequen_t]y breaks after a- few months of

. Ly % Use .o ) ' . AN

v‘ P . , p \ - -
* m&» i Frqm the standpomt of 51mpT1c1ty and ease of *ﬁhstal]atwn, . {
, a self-coptained recorder would be’ des1rab&e for monitoring flow .
ettty _patterns ‘ ; N .
RSN / L .

. ) S ' For momt‘ormg Meds af,_vamous regu]atory agericies, it vfauld :
. \a be useful if the casé™had & built-in compartment for storimg the S
PO N extra d1sks necessany for d1fer"ent primary flow dev1ces. -, oL

. ’ Q

. T N ) The case was not equ1pped w1th a haﬂ'dT‘e. In sdme momtormg, v

- - ., ,'s1?t?at1ons~ such "as*a manhole, a' surface for setting the< instrument
< on is not avaﬂab]e. The manufacturer should give some cons1derat1on

- to prov1d1ng a handle<8r some fealre which will enable a_field '

P - Crew tp suspend tge instrument. Suspenswn of .the. prototype would
be sﬁlewhat»dﬁﬁcu]t _ . , :

/ . . -‘
s o s -~ %The 1nstrumerx tgsted was not equ1pped w?th an off gd, on
R "‘ Switth, .. . ’ o L

N
»l
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‘e .’ . ) ’ .

, yo Do . n
" - The "zero adjust” _knob of the {nstrumeﬁt‘teéted'aas found:™ .. !
to be extremely sensitive on the 0 to 1 foot. range. Calibration L
of the instrument could be easily lost by inadvertiently brushing -7
against this knob. The manufacturerlshould consider putting a, - » .

Tocking device on the knob. .’ " . L
This: instrument was returned to the Instgumentation Specialties ' )

Company, (IS on July 18, 1975. ' At that time, the manufacturer .
Indicated tM@ a chart recorder.would be made available for this *
instrument = ‘- . b

' '.‘?', A . . ‘ . {

_ With the optional char order and- the minor -modi fications .
recommendbd, the I1SCO 1700 is#jutged to be entirely suitable for -

gS€ by the Water Section in its routine menitoring activities,

bl i , |
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. Co - ’ NASTENATER SAMPLING-METHODOLOGIES -

AND
FLON 'MEASUREMENT TECHNIQUES

.. . SIGMAMOTOR MODEL My-1

K:S. RITCHEY

- ST - " JuLy 24, 1975 . .
‘ T i ' ' ‘ . N ' . v
- INTRODUCT ION .2 .
- - s . - - £
. . e Th1s report is a Supplement to the: Nater Section's ongomg -

evaluatwn of new wastewater sampling equipment and flow measurement
¢~ “devices. Presented are the results of a limited ]aborator_y anq
field evaluatf‘on of the Sigmamotor Model MV-] wastewater sampler

whilh was 1oaned to the sectien through the courtesy of the f

o "+ manufacturer. ‘ ’ .
T SAMPLERJSBECIFICATIONS : ,r"""‘ d ‘
Povyer Supp]y : 112 -v AC ‘s
‘- - Type.of Pump :; ’Fmger Pump veo .. '

’

o ‘Purge Cycle,‘:,:Yes )

~

Type of Sampfe Time }:ompdsite .

.
. ! .
'
verae ot o ot . Bt
-~ b B W TV T PUp v I
.

. a 3 A
* ;o Case Ma!:er-%; F1beng]ass , .
: ‘ Size: 133x!152x3421nches (3381287xa7cm -
R Timer: D1g1ta1 type senies. 333 Shawnee Programmable - Mode Soild
‘ P < Stage Timer N v’
. - . Sample Cycle Tune‘ 1/100 to 99.99 minutes °© - 3
) Y Sampling Timd:- JX]OO to‘99.99 minutes P n
. ’ L4 Lt - " "

|
« 7 \Price: $1,480 b 150 5 L0
’ ' ' i




L) ) ° 2 ) ? ) N . ' ‘
.o .

¥
Sampling -Collection Container: Manufact&rer recomnends 5 gallon .
: o - (1809 11ter) container

-~

"Intake Tube ID: 0.25 or 0.375 inches (0 635 or: 0 375 cm)
“

Motor’Horsepower 0. 25 . ;-_ o .' , c’ «
Maximum Head: 16 5 ft (5’ )
Sample Collection Conta1ner Compartment; None. - _ .

. . . b
oPERRTIONAL DESCRIPTION . e

The unit collected varying volumes oflsamp1e at preset iime
%. . "

iptervaﬁs. Sample volumes were dependent upon head, intake tube
. IDgugycle time, and pumping rates. Pumping rates were.adjustable
’ugh a variable gear r‘éducer located between the p(xmp and’

motor. The max imum sett1ng of the reducer produced 450 rpm,

‘

The output stage of" the twmer can have the t1m1nq sequence

P

'changed by means of externa] lumpers which can make the timer an

interval timer, a delay timer, or a repeat cycle pulse generator.

- .« -

TESTING ’ o . o o

The laboratory phase ef‘;he eValuakion\was canfined to deteh-
mining the maximum 1ntake ve10c1ty of the sampler us1ng Tygon
intake tubing with two d1fferent d1ameters Each of the intake
taghes were 25 ft (7.6 m) 'Ionq agd were connected to'a gs m (1.27 cm)
1D tube which wes fixed to the finger pump The resu1ts of-the

tests wh1qh were run at zerd head are as follows

Setting Intake Tube ID, inghes (cm) Intake Velocity, ft/sec (in./se¢)

Max imum 0.375 (0.952) . @ 1.9 (0.58)
Max imum *0.25 (0.635) . © 3.1 (0.95)

The second phase of the testing was cgag ted at the Kansas.City,

; 1531 -

A
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- ‘( “i ' .‘
Kansdisy Kaw Peint Sewage Treatment Plant,  Thi< phase was condud ted
X . - —— . - -

. . - N

to determine the operational re]iah{iifv of the unit when q§eﬂ to

4 \ . Shoy . . "
sample a raw wastedatet. The raw wa<te of the Kaw Point.plant

as 1ndustr1a1 wastewater a ast '

v [N D -

s found to be very d1ff1cu1t to salee

inc]udeerOmestic'as wel
"+ . ' experience, this wast
because of meat scrqpé and fiberous type material which plugged
,Jéampler }ntake lines, valves, and meteyirig chambers. Periihent'
Tnforqation re ar&inq the?sqmpfinq situation and £he instrument . .
settings were §§:¥elﬁows: A

Sampling Head: 6 ft (1 8 m)

-In%ake Tube ID: 0.25 and 0. 375 inch (0. 635 and 0. 952 é;; T
v | Pump Setting: Maximum - Do ’f . f
: e .« . — L )
. InP¥%e Tube ID .
S ¥ .25 in. (0.635 cm)e * 0.375 in. (8.952 cn) -
Cycle Time: | y 1 minute . 'f minute
Sample Time: ) ‘é4\second9" : 18- seconds
Sample Volume Per Cycle: 350 ml ' 260 mo
E "~ ‘ The sampler.was-tested'wiih each of the twn sfze* of intake.

[ 5
5
tubes’ through 48 cycles. The un1t d1d not plug or fail to take a

samp)e throughout the 48 cycles with either 6f the two ingake tubes.

o.

L} -

= OPERATIONAL DEFICIENCIES

y
" During, the 1aborahgry aqp field tes;1nq' the Water Section .

>
notegi several operational probhlems with the ufit which includéd
t k ~ (e .
the following: "
‘1. The rubber gasket around the edges of- the fiberélass case

Ve

came loose. ~ - . Ty .,

- | - 154 '
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2. There were air leaks at the tube connections which resw!ted

'

in decreased sample volumes. Section personnel rectifigd this ¢

'def1c1ency by securing the connect1ons with small hose clamps w

3. The end of the tube on the duscharqe S1de of the pump had

at

to be kept above the 11qu1d level in the sample co11ect10n contawner.ﬂ

If the tube was 1n,contact back s1phon1ng OCCUrred fo]lowing the

LS . ™
. . ’
. s o«

purge czg]e ' o
4y TPhe'Q:r pressure bulb collectfeq moisture which reduced

the amountjef air used to purge the intake tube after sa

5. when the intake tubing‘was in a horizontal pla

~purge cycle did met clear the intake tube. - \&\ ) -

OVERALL APPRAISAL OF. SAMPLER® -+~ . ° : -
. L 3 L N . /
©  When eva]bat:gg sampters, the findings g% the sectigM are

\ , - ) . o
’£’~Ented topard the monitoring needs” of the division and tend to

"' .

réf?edt judgements ba sed tipon’ past collective experience. This®
appra1sa1 was written with these constra1nts in minc.
L '

;»; : The var1a€1e intake velocity of the Sigmamotor Model MV-}
was a des1rab1e feature whxch was not available ~n'othey equipment
on the market. " The heavy duty equipment used*in c;hstr,$t1nq-the
unzt appeared to make it ideal for permaneg; mon1tor1nq 1nstallat1ons
;*\1nvolv1ng raw wastewaters wwthnheavy suspended solids, Data were
-

not ava11ab1e to 1nd1cate whether or not the ma X imum intake velocity"
[ J

o? this unit was suff1c1ent to produce representative samples of -

. A v

raw wastewaters: 0 PO %

o, Those charactermst1cs which made the sampler suitable for ‘

' ‘e 4 A ]

permanent 1ocat1ons detracted from the usefulness of the un1t fbr
g .
4

- -_15.)

v ¢ 4

Il (¢ A
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conducted by th }e t1on. se samp1er features or lack df-them

' -
=

) 1nc1uded the sfize and’ weu;ht ‘the absence of a battery power optwn,

e “and the Tagk of an insulated sqgple coHectwn container compartment

~ Based .on the needs of the Water Sect1on. the Siamamotor Mode1v—'

MV-1 was not found to be a s1gmf1can;tmprovement,gver other

Q wastewater/samphnq equ1pment on the market. v




