(1

TCEQ

printed on
recycled paper

RG-415
Revised August 2012

Surface Water Quality Monitoring
Procedures, Volume 1:

Physical and Chemical Monitoring
Methods

Water Quality Planning Division

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY






Surface Water Quality Monitoring
Procedures, Volume 1:

Physical and Chemical Monitoring Methods

Prepared by
Monitoring and Assessment Section
Water Quality Planning Division
Texas Commission on Environmental Quality

RG-415
Revised August 2012



/

o

TCE

Bryan W. Shaw, Ph.D., Chairman
Carlos Rubinstein, Commissioner
Toby Baker, Commissioner

o

Zak Covar, Executive Director

We authorize you to use or reproduce any original material contained in this
publication—that is, any material we did not obtain from other sources. Please
acknowledge the TCEQ as your source.

Copies of this publication are available for public use through the Texas State
Library, other state depository libraries, and the TCEQ Library, in compliance
with state depository law. For more information on TCEQ publications, call
512-239-0028 or visit our Web site at:

www.tceq.texas.gov/publications

Published and distributed
by the
Texas Commission on Environmental Quality
PO Box 13087
Austin TX 78711-3087

The TCEQ is an equal opportunity employer. The agency does not allow discrimination on the basis of race, color,
religion, national origin, sex, disability, age, sexual orientation or veteran status. In compliance with the Americans
with Disabilities Act, this document may be requested in alternate formats by contacting the TCEQ at 512-239-0028,
Fax 512-239-4488, or 1-800-RELAY-TX (TDD), or by writing PO Box 13087, Austin, TX 78711-3087.

How is our customer service? www.tceq.texas.gov/customersurvey


http://www.tceq.texas.gov/customersurvey�

CONTENTS

Chapter 1. Introduction

U001 < ORI 1-1
SWOM and Clean RIVEIS PrOQraIMS..........ccoviieiieiiiieesiesteeiesteseesesreesaestesseessesseesessesseesesnssnnenns 1-1
How SWOM ProcedureS Ar@ USEd..........ooee ittt et e ste s sre s s s s st e nnes 1-1
=0T AN 11 1o 1 SRS 1-2
CONACE INFOMMIBLION ....e.viviitiieeeee ettt sttt a e b b e bbb e e neesenaenbe s 1-2
LT 1 a0 (=S o 1 {0t 1-2
Chapter 2. General Monitoring Guidelines
Y Kol aTh (o g (o O (=0 o] 11 =S 2-1
(Lo 1H 1] L= 1Y/ Ko a1l (o) oo T 2-1
Coordinated Monitoring Schedule and Planning .........cccccvvveveveseeiese e 2-2
Routine Monitoring During Extended Drought ...........ccceovveeieiicieese e seese e 2-2
SpeCial-ProjeCt MONITOMNNG.....cccoiieiereieere ettt eeesee e e neeneas 2-3
Sediment Sampling for Metals and OrganiCs.........ccoovveerereeeere e 2-3
FiSh-TiSSUE SAMPIING ...cviitiieiiiee et 2-4
Where to ColleCt SAMPIES........oeiiieiree e 2-4
SamPling CONSIAEIBLIONS. .........eiueereeeeeeese ettt s ee e e e re et e sneeneeseesneeneas 2-4
Permit-SUPPOIT MONITOMING. ... cveeeeeieeieeieriesie ettt b e e e sne e 2-4
Systematic Watershed MONITOING. ......c.uererueieieiniresie e 2-5
Selecting aMONITONNG SITE.......iiuiiieeeciee ettt et st e re e besbeeeesresaeestesreennesrens 2-5
S S o= 2-6
L TS 0= S == 2-6
LT (= GO U= 1 SRR 2-6
DESIGNAIEA USES.......oceiiiciieie ettt sttt sttt s be et e be s beeae e besaeesresbeeneestesaeentesaeennenns 2-7
Locating REPIESENTALIVE SITES.......cveeeeeiirieriesie ettt 2-7
Spatial CONSIEIELIONS.......c.ceueeuirieriinte ettt sb et sr e se e seesenneenas 2-7
LY XL (= g =10 o |V 2-8
IMIEXING ZOMNES ...ttt bbbt b et e bbb e s e e eneene b 2-8
MONItOriNg BEIOW DaIMS..........coiiiiieieieieieesiene et nne s 2-9
Temporal CONSIAEIBIIONS .........ccieeeiieeie ettt st sresre e besreenne s 29
Generating New Monitoring StationS..........cccceiieiiiieie sttt 2-10
Flow Conditions for Collecting SAMPIES........cccveviieeie i 2-10
Metal S-iN-Water SAMPIES........oiiiee et 2-10
Sediment and TiSSUE SAMPIES ......ooueeeeire et eneen 2-10
Flow Data REQUITEMENES......cc.oiieiiecie ettt st e sttt sne e 2-10
ReqUITEd EQUIPMENL ......ocuiieecieieeie st e ettt st e st entesresse e e sneennestesnnennenras 2-11
SWQOM INtEINEL RESOUICES ... .eiiiiee e csie e cee e stee e se e st e s ste et e e sree e ste e e sneeesnreesreeesneeesneeen 2-11
GUIANCE DOCUMIENTS.......ceiviiieeiesieeieeie st esee s e s e seesteetestesseetesseeseestesseessesseensessesseenseseeeneanes 2-11
0100151 @ o TS 2-11
L@ 0= 11 Y ©o 11 o 2-11
INterim Method ChanQES........ceeiie it re e r e e sre e sneeenneens 2-11
Alternate SWQM Sample Collection Methods............ccocoviiereiinenere e 2-11
D= 2= = oo ] o [PPSR 2-12
Minimum Data Requirements for the Assessment of Surface Waters.........ccccoevveeeeeennnen. 2-12

Chapter 3. Field Measurements

R wel o [ aTo [ e T= Lo [ - - TP 31
Recording Field ODSEIVELIONS..........coiiiieeeeere et re e eesee e eeas 32
GenEral ODSEIVELIONS.........ccuiiiiiiiieiire ittt r e n s 3-2

Contents iii August 2012



Other INfOrmation RECOMAEA ........coioeeeie ettt ettt e e s et e s s e e s s eere e e s s sereeessereeeeseanres 33

Water and Sediment SamMPIES........ooei e e 33
TISSUE SAMPIES.....ee ettt ettt eee st e e e e aesreeneeseeeneenes 33
BiolOgiCal SAMPIES.......ccoiiiieeece et nnens 33
FIEld MEASUMEIMENTS ...ttt ettt bbb se b b e 33
Where to Collect Field MEaSUrEMENTS..........coiiiieiereceee e e 33
Depth of Field MEaSUIEIMENTS ..ottt 34
TS o I s 0 RSP 35
Required Monitoring EQUIPMENT.........c.ooi et 35
WWALEr TEMPEIAEUIE .....c ettt b et e st e et e et e e s bt e sbe e sae e saeesmbeenbeenbeenneas 35
EQUIPIMENT ...ttt sttt ene b nre s 35
Procedures for SamMPIiNG ......ccooiie ittt re s re e 35

0] 35
BEQUIPIMENT ...ttt bbb eseene b 35
Procedures for SAaMPIING .......cooiiiieeeeee et nee s 35
DRSS o Y=o @ )Y o (= o [P 35
[0 0T o] .07 | TSROSO 35
Procedures for SAMPIING .......cooiiiie et nre s 35
24-Hour DiSSOIVEA OXYOEN ....ccviiuiiieiiiieesie sttt sttt te s resbe e sre e e besreeneestesneesrennas 3-6
Sampling for Compliance with Standards for the Aquatic-Life Use.........ccccoveveienneenee. 3-6
Unattended Data Collection: DiSSolVEd OXYQEN........coieirieirerinie e 3-6
SPECITIC CONUUCTAINCE. ...ttt ettt n e 3-10
0 0T o] 07 | AR 3-10
Procedures for SAaMPIING .......cooiiieeeeeeeeee e 3-10
SAlINITY bR e b et e Rt R Rt b e R n e 3-10
0 0o 0= | S 3-10
Procedures for SamMPIiNG ......cc.ooeeceie e e e e 3-10
Field Measurements from @aBUCKEL ...........ccoeiieeiieiee e 311
SeCChi-DiSK TIrANSPAIENCY ......eecveiveeieeitiiieiteseeeestestee e steere e tesreesestessaessesteensestesseentesaeeneenns 311
Importance of Secchi-Disk Transparency DataL..........ccccceveeeeieciiereseeie e 311
EQUIPIMENT ...t 311
Procedures for SaMPIING ......ccoieeeii et 312
= o o N o= USRS 3-13
ChlONNERESIAUE ..o bbbt 3-14
(TS o W= = W oo (o T 314
General ROUNAING RUIES ..ottt 314
Other Field ODSENVELIONS........coceieeieeeei ettt seeseeeeesee e enes 314
Days Since Last Significant PreCipitalion............cooevereereeenenenese e 3-14
FLOW SEVEITLY ...ttt et e et eeeee e e sneeneenes 3-15
Pool Characteristics (FIOW SEVENtY = 1)....ccccvviriiecie st sieesie e sree e e 3-18
Reporting the Flow-Measurement Method ... 3-18

e 10 R SORRN 3-18
Considerations When Measuring FlOW.........coviieii ettt s 3-18
Exceptions to Flow-Reporting REQUITEMENES..........cceeiiiiiceececeee e 3-19
Methods for MEBSUNNG FIOW........cciiiiiieeeiecees e 3-19
Instantaneous FIOW MEBSUrEIMENE ...........curerirerine et 3-19
0 0T o] 07 | AT 3-19
Procedure for Measuring FIOW..........cc.coueiiiiininisereee e 3-19
FIOW-GaUGING SEATONS.......couiiiereiieieeieeeeeie s 3-28
Guidelines for Using a SonTek FlowTracker (Acoustic Doppler Velocimeter).................. 3-32
Getting Started with the EQUIPMENT .........oiiiiiiieeee e 3-32
SEtUP ParamELErS MENU......c..oiiiierie e e s ne s 3-32
O SR 3-33

Contents iv August 2012



F YL = o[ N T 0= S 3-33

Data-ColleCtion MOUE..........cooiieeeeie ettt e e sneene e 3-33
SYSEM FUNCLIONS MEBNU.......eiiiieie ettt neesee e 3-34
Starting Data Collectionin the Discharge Mode..........cccoovieeveviceeiecece e 3-34
FIOWTTaCKEr SOfIWEIE........eiuiiieeiieieee e 3-39
Portable Cutthroat FIUME ..o e e 3-43
FLOW ESHMBEE (FI/) ..ot sesse s s s s ses s snesnesn e snesnaees 3-45
Chapter 4. Collecting and Analyzing Bacteriological Samples
National Environmental Laboratory Accreditation Program (NELAP) .......cccovveeienieceneeeene. 4-1
Bacteriological-Sample COIHECHION...........oceeiiieece et 4-1
SampPle-CollECtION BOLLIES ......cc.eeiiciece et 4-1
IDEXX CONLAINETS ....cueeterteeeesteeueeseesteeeessesseeseesseeeessesneessesseensessesseensesseensessesneessessesnsens 4-1
(@107 g @ g 1= 1T £SO P PR SSTPSRPRTO 4-1
SaMPliNG CONSIAEIALIONS........eccveiiieeesie e ere et ste e e e e e e st e s aesbe e eaesreenestesneeneenres 4-3
SAMPIE COHECLION.....coeieee et sbe e eesaeeneea 4-3
0 00T L I 1 oo PSS 4-3
Documenting Sample COlIECTION..........ceiireririerierie e 4-3
Sample Treatment in the Presence of ChIOMNE...........ccocoviiiiiieiie e 4-4
SAMPIE PrESEIVALION.......oeeeee ettt st st b e s be e s resaeennas 4-4
SAMPIE SNIPPING. ..t b et e e e nae e 4-4
Quality-Control SAMPIES........coiiiiirerieeeeee e 4-4
S a0 TN Lol Ko [ g To T T 4T PR 4-4
Selecting an Indicator for Classified Water BOdi€s.........coeeeeiicecieiiceese e 4-5
Selecting an Indicator for Unclassified Water BOdis..........ccooveeeivirenineneeeeeseseie 4-5
Program-Specific Requirements and GUIAENCE.............cceieeeiiiiiieeie et 4-5
SAECtiNg AMENOU .......ceeei e e et ae 4-6
B o o ) P 4-6
] 0o o o SRS 4-6
(= o I o ) 0] 1 1o PSSR 4-6
Selecting SaMPIE DIlULIONS.......c.coiiiiiieieeeeeee e 4-6
REPOIING RUIES ...t 4-7
IDEXX MELNOGS......cuceieiieiieisie ettt ssestesteseenseneeneesensensensens 4-7
All BacteriologiCal MEtNOOS ..........coiiieeieeee e 4-7
Quality-Control REQUITEIMENES. ........ceieiiieerieieeieseseeste s e eteste e estesreeaeste e essesresnaeseesreeneens 4-7
Bacteriological Laboratory DUPIICALE ..........cceriruieierereerie e 4-7
COMPAITSON COUNLING. - +eveeneereeeeierieseeeiesteeeesee e eeeseesaeeseeseeeneeseesseensessesseensesseeneessesneenes 4-8

Chapter 5. Collecting Water Samples

LT aTc = T 0o o] = 51
ReQUITE EQUIPIMENL ..ottt e et se e e sae e e e seeemeeseeseeeneesneeneenes 51
Depth of Sample ColIECHION...........cciieee e s 51
Where to ColleCt SAMPIES........ooeiiieeee et e e eas 51

Collecting Water Samples from aBridge........cooeeeeereeeereneee e 51
Collecting Water Samples and Field Measurements from the Same Container ............. 5-2

Collecting Water-Chemistry SAMPIES..........coiiirieeeieererse e 5-2

ConVentional ParaMmELErS..........couiiiiiireieee e 5-2
Nutrient Sample ColECHION..........co e 5-3
Sample ContaiNerS anNd VOIUMES..........cciiiiieieeeieese e 5-4
CONLAINEY LADEL ...t 5-4
SAMPIE PrESEIVALION.......oeeeee et sttt st s nesbe e nas 55
Field QC SAIMPIES.......coiiiiiie ettt sttt ene e nre s 55
MEtal S-IN-WaLer SAMPIES........oiiiiiieieeeises et b e e n e nee s 55

Contents \% August 2012



Routine Status Monitoring for Metals...........ccoveeiiiieie e 55

Sample-ColleCtioN DEPN ..o e 5-6
Sampling Equipment and Preparation..........ccoooeeerereeneseeese e 5-6
T o (= (o] o T TP PP PSPPSR 5-6
Labeling the Sample CONLAINES .........cceeieiiieee e 5-7
SAMPIE PrESEIVALION. ..ottt se e sre et e sae e enee e 5-8
Companion Samplesfor MetalSin WELES ... 5-8
Clean Hands/ Dirty Hands SamPling ......ccccoeeeirerinenieiee s 5-8
Metals-in-Water Collection ProCeAUIES ..........cceiieiereeeere e 59
TCEQ Houston Laboratory Clean Metals Kit—Sampling Procedure.............ccccoece... 5-10
Requirements for Collecting QC Samplesfor Metalsin Water.........cccccovvveeevevvcceeseseenn, 5-13
Collecting Field EqQUipmEeNt BIankKs...........ccceiiiieiiiieie ettt 5-14
2] = QAT = = SR 5-14
Organi CS-iN-Water SAMPIES........couriiiirieiierieeeeeee ettt b e ns 5-14
Sample Containers and COolECHION ........ccueieiririrerese e 5-14
Methyl-Tert-Butyl Ether (MTBE) ......cooiiiicece et 5-15
S (0 01 [T = =SS 5-16
Propellants, Explosives, and PyroteChnics (PEPS) .........coooriiinenine e 5-16
MiSCEl@NEOUS Par@MELEN'S..........eiiiuiierieieeeieieie sttt st sae st sae e e e e esesnensens 5-16
Hexavalent ChIrOMIUIM ..........ooiiiiieeeceee st st 5-16
CYANITE. ...t bbbttt a e bt e b e e e e e e ne b 5-16
Handling and Shipping SAMPIES .......c.oiiiiiiirere e 5-17
DT = U R = o0 11 10 [P SURRSRRSO 5-17
Chapter 6. Collecting Sediment Samples
SEAIMENE SAMPIES ...t e e nenre s 6-1
CharaCteristicS Of SEOIMENE ........ooiiieeie et e e saeeneens 6-1
CharacteristicS Of an 1deal SITE ........coiiviiiiee e 6-1
Selecting the Appropriate Sediment Type for ANAYSIS......cccvvveeere v 6-2
S0 (U =0 I =l U 0= o PR 6-2
General ColleCtion PrOCRAUIE...........cuiiiiiiriesie ettt nre s 6-3
Metals, Pesticides, and Semivolatile Organicsin Sediment .........ccccovveevieveece v seese e 6-4
Collecting Metal, Semivolatile, or Pesticide SAMpPIES........ccccevveeeiriieeereere e 6-5
Sediment CONVENTIONEIS .........eieee et see e e e ste e e seeseeeneea 6-5
Volatile OrganicSin SEAIMENT ...........eoceiiieee e 6-5
SAMPIE CONLAINEIS.....otieieee ittt et e st e et e seesteeneestesseeeesseeneessesneeneesseeneeseesneaneens 6-6
SAMPIE SIZE.....ee ettt ettt sae et e te et et e ste et e nreeaeenneas 6-6
=0 1= T o P 6-6
L (=51S A7 (0] o P 6-6
Handling and Shipping SAMPIES.........co e e 6-6
[T ol NN o] -SSR 6-7
D= == oo Lo [ SRR PP PPPSPRPRN 6-7
Chapter 7. Collecting Tissue Samples
Guidelines for Tissue SamPliNg iN TEXES......cccucveiiiiereseeie et e e e sree s 7-1
SElECtiNg @ SAMPIE TYPE...nee ettt st et este s ae e aesbeeaaesresreennens 7-1
Background CONGITIONS.........cccoeiiereeeeiesie e ee sttt eae e eesee e e seeseeennens 7-1
(e aTe I 0 0T I = 010 RS PRTR 7-2
ECOSYStEM HEAITN ... s 7-2
HUMAN-HEAIT RISK.......coieeee e 7-2
S L= =S o ] o1 o o 7-3
Notifying the TPWD in Advance Of COlIECIING .......ccueveeririrert e 7-3
S = TP PP PSRRSPRPRN 7-3

Contents Vi August 2012



Sampling TeChNiQUES FOr FiSh........eocuiiiceee et 7-4

(00 1= o o g 1Y/ 1=1 T o LTRSS 7-4
ReQUITEA EQUIPIMENL ..ottt ettt te et e sse et e saeeeeseeemeeseeseeeneesneeneenes 7-4
Handling Fish SPECIMENS........ccco it st es 7-4
SElECHING SPECIMENS ... .ottt et e st e e e e besaeeseesbesaeeseesbeensesresneeneens 7-4
BLILL L= o) B O] =" o] o S 7-4
SAMPIE SIZE.....eeee bt e e 7-4
SPECIES SEIECHION......eeeeieeceeeee ettt e e naenas 7-5
COMPOSITE SAMPIES.....oneeiieie ettt ettt s re e e seesneeeesneeneeneas 7-5
ONEr TISSUE TYPES. .. e eieee ettt ettt ettt et e e e e eae e tesaeeneeneesneeeesneeneenees 7-5
Selecting Species Specific to a Study or INVeSLIgation.............ccveverereneneneeeeesee 7-5
Collecting Information iNthe FiEld.........c.ooiiieiieee e e 7-5
Sample Preparation for EAibIe POrtioNS.............c.coiiiiie it 7-5
Preparing Fish Samplesin the LabOratory ...........ccocverereeiieienenineseese e 7-5
Preparing Fish Samplesinthe Field.........coooiiiiiiee e 7-6
Preparing Cral SAMPIES.......coui ittt sre e re et 7-7
Preparing Whol e-Organi Sm SAMPIES.........ccciiiiiieieiieie ettt st st ne e 7-7
TS 1 ST 7-7
L= 0TSSR 7-7
CrayfiS AN PrailunS........c.coiuiiieee ettt sttt st sbe et e sae s e sreennesnas 7-8
Oysters, Clams, Rangia, and MUSSEIS .........ccoiiiiiieee s 7-8
Handling and Shipping SAMPIES.........ccoiiiriiireeee et 7-8
=10 1= 1 o SRS 7-8
(=315 V7 o] o OSSR 7-8
SNIPPING SAMPIES......ceeeie e 7-9
SUBMILEING TISSUE DAA......ccuiiteeiecieceece ettt s s r e re e nas 7-9
Chapter 8. Calibrating and Maintaining Multiprobe I nstruments
Calibration Logs fOr SWQM .....c..oceiieiiee ettt sttt st e sre e e s tesnaestesreennenre s 81
Temperature-Controlled ENVIFONMENL ..........cooeeiiiieierieeerese e see e e 82
RINSING The SENSOIS .....c.viieieie et sttt st et e s besreenbesreeneesresneeeas 82
TemMPErature-SENSOT CNECK ........cciiieiesieee et e ettt e sttt e s re e e e sreetesreenaeseenreeneens 8-2
Calibration Standards and Multiprobe-Sensor SOIULTONS ...........ccviiierereneeieeeee e 8-3
Specific-Conductance Calibration Standards...........ccoooe e 8-3
Calibrating Hydrolah INSLIUMENES.......ccecveiiiiee ettt s 8-3
SPECITIC CONUUCTANCE.........eeeieeeee ettt sttt et estesae e e seesneeneesbeeneeseesneeneeas 8-3
Series 3 (DataSonde 3, H20, Recorder, Reporter) and Quanta Sondes............cccceeeneenee. 8-3
Series 4. Series 4a, and Series 5 Sondes (DataSonde and MiniSondg) ...........cccceeveeeee. 85
REPOITING SAINITY ...ttt nre s 85
PH SBNSOL ...ttt ettt et e st e et be e s b e e sb e e sae e sareebeebe e saeeeneesaeenaes 84
DiSSOIVEA-OXYGEN SISO .......eiiieeeieeieeiisiesieste sttt sse st st sb et e e ese s b b e sbe e e e nesnensens 8-6
Clark Polarographic DO Call .......cooiiiiiiieeeneee s 8-6
Luminescent DO Cell—Series 5 SondeS Only .......cccoveeeieeiieie et 8-7
Calibrating Y Sl INSITUMENTS......c..oieeiie ettt st et sesbe s e s resbeentesresbeenbesaeennenns 89
SPECITIC CONUUCTAINCE...... ...ttt sttt sttt b e 89
Before Calibration...........cooveiiieee et ne s 89
(07 1] o] 7= 1 o o 1RSSR 8-10
CondUCtiVity Cell CONSLANE .......coerveriirieieieeeeee st nee s 8-10
PH TWO-POINt CaliDration.........c.coveieiiiiisiese e 8-10
PH 7 bbb e R ekt et bttt b e b 8-10
[ R ot S 811
PH MilliVOIt RESPONSE. ...ttt 8-11
DiSSOIVEO-OXYGEN SENSON ......ccueeieiiecieeie ettt ee e teesteste e e e tesaeessesbesaaestesreensesreeanestesneennes 8-12

Contents vii August 2012



DO (Rapid Pulse Sensor) Calibration for Instantaneous Sampling..........cccceeveeeieenene 8-12

DO (Rapid Pulse SeNS0r) INAICALONS........oiieiereieerie e 8-13
DO (Rapid Pulse Sensor) Calibration for Unattended Sampling ........cccccovovveeieneeenne 8-13
DO ROX Optical-Sensor Calibration...........ccccvieveieeie e 8-14
BarOMELIiC PIrESSUIE........cueiiiriiiiisie sttt b et sne e 8-14
Internal Barometer ChECK ..........coooiieieieieecese et 8-14
ADSOlUtE BarOMELIC PrESSUIE........ccveieceieiesieeie sttt s sne e e 8-15
Calculating a DO Calibration Value (ML) ....c.eeeiririresene e 8-16
Calibrating the DEPtN SENSO........occiii ettt s e e ae e e eas 8-16
Calibration SUMMIBIY ......coceiiiiiiiciee e s e e e e s e e e e s eesteeste e sreesaeesneesneesnteenseenseensnas 8-17
POSt-Calibration ChECK.........ccieieieeeesii et ae st be e e e reeaesrennnesens 8-17
24-HOUr DO MONITOMNG.....ueiieeieiiecieete et eee sttt ste e e eesbe e e s e s besaaesresbeetestesaeebesaeennenns 8-17
Post-Calibration CheCK—ErTOr LiMiTS.......ccuiiiirirrerereieeeese e see e seeeesesse e e ee e seeneeneenens 8-19
GENEral MAINTENANCE........cueeeeiiiiteeie st eee sttt et e e e e te e e te s e e saesbesseeseesseeneeseesneeseseeenaensens 8-20
Short-Term INSIFUMENT SEOFBOE .......coueeeeeierieierie e 8-20
SChedUIEA MaINEENAINCE ........eiveeeeeieieeee sttt et e e ese e s besbesseseeneeneeneenens 8-20
Hydrolah MUIIPIODES.........coe et ettt re e nas 8-20
Y SIMUITTPIODES. ...ttt ettt n e ene s 8-25
Long-Term Storage of Hydrolah INStruments...........ccooeveeieiicce et 8-27
DOWNIOAOING DELAL........cccieiieeeieite ettt e st e et e s teete e besbeeseesbesseessesneesestesnnesens 8-27
Chapter 9. Required Equipment and Spare Parts
Routing Field MEASUIEIMENTS. .........oieeeie ettt ee e et e sreeeesneeneeseesneeneas o-1
LTz 0 7= 0 oL oo PSPPSR o-1
Bacteriol0gical SAmMPIING ......ceecveiieiee et s ns 9-1
(=R oTo] =00 (0o oo R o-1
SEAIMENT SAMPIING. ...ttt s re et et e e e seesreeeeseeeneeneesaeeneenes o-1
FiSh-TiSSUE SAMPIING ....eiueeeeiiiciee ettt e r e besre e e e besae et e s neenneseennes 9-2
Other Office and Field EQUIPIMENE ..........oiiiiiieeeeeesesie s 9-2
OPLioNal EQUIPMENT ...ttt e e et e s aeeneesaesneeneesneenseseeeneenenaneas 9-2
Chapter 10. Quality Assurance and Quality Control
QUEITTY ASSUIINCE ....c.eeeieieeteeieste et ettt et et eseeseeseeemeesteeseeeesaeeneessesaeeseeseeensessesseensesneeneensesneeneas 101
Quality-AsSUranCe DOCUMENES .......c.ceiiiieiereeie e rie e ee et e e e seeseeeeeseeeneenes 10-1
Technical and Monitoring SysStemMS AUGITS .......cceeieieeieii e e 10-1
RECOIIS REVIEW ...ttt sttt st et e se s e ene b 10-2
Procedures for Instrument Calibration ...........ccccooveoerinieiineeee e 10-2
Data and Sample Collection ProCeAUIES.........ccvieeve e 10-2
TSA ReVIEW FOIHOW-UP ... e 10-3
Annual Workshop on Surface Water Quality MOoNitoring..........cceeceveeeereneeseneeeese e 10-3
QUAalTtY-CONLIOl SAMPIES..... ettt ere et e s ae e e e saeeneeeas 10-4
QC SAMPIE RESUITS ...ttt bbbt nee e 10-4
Field Split (REQUITE) .....c.eouieeieeieieciesesiee ettt s e e enenne e 10-4
Equipment Blank (Required for MetalS in Water) ......ccoeivceeciiiece e 10-4
Field Blank (Required for Total MetalSin Water)..........cooeveeirenineninieseseseeee s 10-6
VOA Trip Blank (REQUITE) ........coueriiriiieieieceeees s 10-6
Laboratory Equipment Blank for Metals-in-Water SUPPlIES.........ccccveveeveceecececieece e, 10-6
Optional QC SAMPIES ..o sttt et st sreebesreenee s 10-6
Equipment Blank—Other than Metals...........ccocoviiiiiieiee e 10-6
Field Blanks—Other than Total MEaAlS .........ccocvvirirereeeeeeees e 10-6
Field (Environmental) DUPIICALES .........ccviuieieiiiiie et st 10-7
Sediment and TiSSUE SAMPIES ..o 10-7
TraCking QC D A.......cueeeeeuieieeiiniesie sttt b bbb e ne e 10-7

Contents Viii August 2012



Chapter 11. Field Safety

BaSiC SAfELY Preparalion..........ooeieeieeieieisii sttt sn e e nne s 11-1
TranspPorting ChEMICAIS........c.occiiiie ettt e et e s re e 11-2
R TAT o [ o 11-3
LAV N gTo 0] T =1 o [0S 11-3
LAY N gTo 0] 18 =0 = £ S 11-4
Personal FlOtation DEVICES ........cccviiiiiiieeeeeeee sttt nne s 11-6
(000 1= ox 11 o 1 = o OSSR 11-7
<ot 0 = oo R 11-7
General Electrofishing SEfEtY ..o 11-7
Backpack ElCIrOfiSNiNG........ccviiiiriiieieieeeesie s 11-7
Boat EIeCtrofiShing........ccooeiiiece et e e 11-8
WOTKING WIth INEES. ...t 11-8
WOTKING WIth FISN ...t 11-8
CONtAMINGLEA WELES .......cueeeiiieeiieiesiesie ettt sttt st et se s e b e stesaesae e e e e e enennes 11-8
WWEBLNEY ... ettt R R re e be b et et e e e nne s 11-9
LIGNENING SEFELY ...vevieeeeieieieesie ettt ettt b et b e b s s e e s 11-9
TeMPEratUre EXPOSUIE. .......coieiiieireie et nre e nne e 11-9
(00 Fo Il =001 (0= o1 =SSR 11-9
HEEE EMEIQENCIES. ...ttt 11-10
LT S a0 AN T 7= S 11-10
Appendixes
A. Monitoring RESOUICES ONIINE..........ccoiiieiieie ettt sneeneers A-1
2T 015 Y SR B-1
O O] 1= = o] 1= = C-1
DY o] o= V= (0] TSROSO D-1
S L= 1= 10 SR E-1
Tables
2.1 Objectives for Permit-Support MONITOMNG........cccceveieeieneseerie e eee e seesie e eee e e e e s eeenes 2-5
2.2 Objectives for Systematic Watershed Monitoring.........cccooveeereneereneniene e 2-6
2.3 MiXING-ZONE BOUNGAITES........ooueeiieieeeiee ettt te e eesae et e s eesneeeesneeneenes 29
3.1 Fina Format for Reporting Field Data (Rounding, Significant Figures) ..........cccecevveueenee. 3-16
3.2 FIOW-SEVENLY VAIUES.....c.eeueeeieeeiee sttt sttt sttt e neenenne s e 3-17
3.3 Example 1: Streamflow Measurement in a Small Stream < 5 Feet Wide and
R TS A B T TP PRTRPR 3-28
3.4 Example 2: Streamflow Measurement in a Larger Stream > 5 Feet Wide and
S 2.5 FEEE DD .ttt 3-29
3.5 Example 3: Streamflow Measurement in a Larger Stream > 5 Feet Wide and
> 2.5 FOEE DBED ...t et 3-30
3.6 Streamflow (Discharge) Measurement FOMM .........coviierrieciecre e e e see et 331
3.7 Cutthroat-Flume FIOW CONVEISION..........coiiieieee et eeas 3-44
5.1 Components of a Standard Metals-in-Water Sample-Collection Kit ..........ccoceveveieiciniennens 5-7
5.2 Quick Reference Guide—Water-Sample Collection Methods, Preservation, Storage,
= aTo [ o F=T 0 To 11 oo TR RSSO 5-18
5.3 Summary of Quality-Control Samplesfor Water ... 5-22
6.1 Quick Reference Guide—Sedi ment-Sample Collection Methods, Preservation, Storage,
= TgTo [ F=T o Vo 11 oo TSR 6-8
7.1 Target Species and Suggested MiNimUM SIZES.........covviiiriiireneneeeeeese e 7-10
7.2 Quick Reference Guide—Procedures for Collecting Fish TiSSUE.........ccccvvrevenenienicieeene, 7-15

Contents ix August 2012



8.1 DO Saturation Valuesin mg/L (Oxygen Content of Air-Saturated Freshwater

= T 01 T ) TS 8-18
8.2 Multiprobe Calibration: SUMMAIY ........ccoceerrieeeese e s e e seeeneeeas 8-19
8.3 Error Limits for the Post-Calibration Check ... 8-19
8.4 pH-Calibration StaNards..........cccviieieiiieese e e 8-30
10.1 Summary of Quality-Control SamMPIING ......ccooeerrreeee e 10-5
11.1 Basic Safety-Equipment ChECKITSE..........oiiiiieeeeeesese e 11-2
11.2 Boating-Saf €ty ChECKITSE ..ot 11-5
11.3 Types of Personal Flotation DEVICES.........cccoiiieiiieeese e 11-6
11.4 Common Wildlife Hazards..........ccooireeieieeee e 11-11
11.5 CommOon Plant Hazards............eeceieieeieieciise et ee st sae et sne e e 11-14
Figures
3.1 Index, Non-Index, and CritiCal PEriO0S..........cceiririririreseseeeeesese e 3-7
3.2 Deploying an Instrument for 24-Hour MONItOriNG........ccooveeereieeiese e 3-8
BTG IS = o o I 5 3-12
BRI T = S 3-13
3.5 Salecting @ StreamM REBCN .......ccceiii e e e 3-20
3.6 Measuring the Stream Width...........ccooe oo 321
3.7 Determining the Midpoint of the Cross-SeCtion..........ccovvoeriieere v 3-22
3.8 Measuring the Depth at EaCh MidpOiNt..........coveiriiinineresereeeee e 3-22
3.9 Measuring the Depth Using a Top-Setting Wading ROC..........cccooeiininineninenceee 3-23
3.10 Top-Setting Wading ROG..........ooui it se e eeeeas 3-23
3.11 Setting the Flow Sensor at DepthS < 2.5 FEEL........cvviiieeieceee e 3-24
3.12 Setting the Flow Sensor at Depths > 2.5 FEEL .......oviiiiiiiieee e 3-24
B A3 MEBSUNNG VEIOCITY ..ottt ettt r et st st b et e s re e e e sbeeneeneeris 3-25
3.14 ReCOrdiNG FIOW DalaL........cccueiiiiuieieciecie ettt st sttt s eae et saeenesbeennesreenis 3-26
3.15 Streamflow (Discharge) MEasUreMENL............coerererieieeieeresie st 3-26
3.16 Calculating Streamflow (DiSCharge) ........ccveerererierieieiseresie e 3-27
S = L IS o = o 3-32
S LB MAIN MENU SCIEEN ...ttt sttt sttt e et et nb b s 3-33
3.19 Setup Parameters—Average Time and Discharge Mode Screen..........ooveeeceveeceecieceeenen, 3-33
3.20 Streamflow-Measurement MethOd..........ccooe oo 3-33
3.21 SyStEM FUNCLION SCIEENS. ... .ccueiitiieieiesteeee e eteeseesteeeeste e eeesteeeeseeseeeeesreeneeeesneeneesseeneeneas 3-34
3.22 FIOWTTACKEr KEYPAO ......ccuiiiieeecie ettt sttt e e n e neeneennas 334
3.23 Data Fil@ NAME MENU ..ottt ne e sne et e saeeneeneas 3-35
3.24 Staff and Gauge HEIGNE IMENU .........ooiieiee e s eeas 3-35
3.25 SArting EAQE SCrEEN ..ottt 3-36
3.26 St LOCALION SCIEEN......ueeiiicieeieite ettt ete e e et e e st e e e tesbeeaesteesa e tesreessessesaeensesneensenes 3-36
3.27 Final Discharge Measurement SCrEENS........c.ccceereeierieeeieeesieesteesieeseesesseeeste e e esseesnessnnes 3-38
3.28 FlowTracker Probe Orientation Relative to Streamflow..........cccvvevevieveecesi e, 3-38
3.29 Updating-DiSplay SCrEEN.......ccueieireririese ettt 3-39
3.30 Velocity and QC Data SCrEEN.......ccciueiieie ettt ettt ste e st sbeete e ere e besneeneeras 3-39
3.3L FIOWTTACKEr MBIN SCIEEMN ..ottt ne st et s e 3-40
3.32 FlowEXporter OptioNS WINCOW ..........coiiirierieieieieesesiesie s 341
3.33 Discharg Measurement SUMMErY REPOM.........c.coerriiririrenesiesieee e 3-42
3.34 Quality Control SUMMAry REPOM .........coiiieieieceese ettt s r e sre e 342
3.35 Portable CUtthroat FIUME .......c.ooeeieeee e 3-43
3.36 Top View of the Cutthroat FIUME ..o s 3-43
I WS - T 1o = SR 3-46
3.38 Staff Gauge Established at LOW FIOW .......cooiiiieie ettt st 3-47
IR 1e [0 1T - o o S 3-48
4.1 IDEXX Certificates of Quality REQUESE FOIM ......cc.eoviiiieiiiceeceee e 4-2

Contents X August 2012



4.2 IDEXX Quality-Control CertifiCate........ccciveveiiiieiiiicee st 4-2

5.1 Whatman GD/X Syringe Filter and Filtration Apparatus............ccccceveeeennreeneneseeseese e 5-4
5.2 Collecting a Disdoved-Metals Sample with a TCEQ Clean MetalsKit.........ccoovveeeivieeene 59
6.1 Sediment CharaCleriStiCS........uiuiiriiriiiee e 6-1
6.2 Typical Sediment SEratifiCatioN..........cccccvieeiiiieie e ee e 6-2
6.3 SEAIMENT DIOAGES. ... .ottt ettt te e e te st et e sae e e e seesaeeeeseeeneeneesaeeneenes 6-3
6.4 (A) Emptying the Sampleinto a Pan; (B) Sediment Sample..........cccocevvreninenineicieenee 6-4
6.5 Compositing a Sediment Samplein aBucket or Pan ... 6-4
6.6 Collecting a Sample Directly from the Dredge.........coooeviieeneneeee e 6-5
7.1 Fish-Collection RepOrting FOMM...........ccoo i 7-12
7.2 SPECIES-COlECHION REPOI ...ttt 7-13
8.1 Standard Setup for Calibrating Hydrolab SONdEs............ccoeoiiieieiiiecce e 8-4
8.2 Water-Saturated-Air Calibration of the LDO Sensor ...........couoeereireenieineeseesiesesenesees 8-8
8.2 Replacing the DO MEMDIANE........ccoiiiriiiiriesieie ettt 8-23

Contents Xi August 2012






CHAPTER 1
INTRODUCTION

Pur pose

This publication serves as a comprehensive source of information on procedures for
monitoring surface water quality in Texas. These procedures on surface water quality
monitoring (SWQM) are generated and used by the SWQM Program of the Texas
Commission on Environmental Quality. The purpose of this document isto help ensure
that these procedures are standardized across the state and between the TCEQ’ s regional
offices and the various internal and external monitoring programs that submit water
guality datato the TCEQ. The detailed procedures outlined in this manual also help
ensure that sampling precision, accuracy, representativeness, comparability and
completeness of the data are achieved and documented. Ensuring the comparability

of data between various entities is a primary quality objective of the SWQM Program.

The procedures in this manual are to be used by all surface water quality data collection
programs within the TCEQ unless a program’ s data-collection activities are specificaly
covered by a separate Quality Assurance Project Plan. In addition to TCEQ water quality
programs, the procedures in this manual are also used by the Texas Clean Rivers Program
partner agencies and other contractors collecting water quality data for the TCEQ.
Working together, these programs gather the data our state needs to ensure the quality

of surface water in Texas.

SWQM and Clean Rivers Programs

The SWQM Program and the CRP alow for an integrated evaluation of physical,
chemical, and biological characteristics of aquatic systems in relation to human health
concerns, ecological conditions, and designated uses. In order to balance the needs of
multiple programs, monitoring is divided among the following categories:

®  routine monitoring

m  special-project monitoring

®  permit-support monitoring

m  systematic watershed monitoring

See Chapter 2 for details on these categories.

How SWQM ProceduresAre Used

The guidelines outlined in SMQM Procedures are important because they document the
guality-assurance procedures that must be used to demonstrate that SWQM data collected
by monitoring personnel are of known and comparable quality across the state.

The SWQM Program and the CRP are the programs primarily responsible for the
collection of datathat accurately describe the physical, chemical, and biological
characteristics of state waters. Data collected as part of the statewide monitoring
program and for special projects are used to achieve the following goals:
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Characterize existing water quality and emerging problems.
Define long-term trends.
Determine compliance with water quality standards.

Describe seasonal variation and frequency of occurrence of selected water quality
constituents.

®  Produce the Sate of Texas Integrated Report, which is required by Sections 305(b)
and 303(d) of the federal Clean Water Act. This assessment enables the public, local
governments, state agencies, the Texas Legislature, the U.S. Environmental
Protection Agency, and Congress to make decisions about water quality management.

Legal Authority

Texas law requires monitoring personnel who collect and analyze water samples for the
SWQM Program to follow procedures outlined in two TCEQ manuals on SWQM. The
ruleisin Title 30 of the Texas Administrative Code (TAC), Section 307.9.

Thisrevision to Volume 1 of the manual isto be used with the companion publication,
Surface Water Quality Monitoring Procedures, Volume 2: Methods for Collecting and
Analyzing Biological Assemblage and Habitat Data (TCEQ publication RG-416).

Contact I nformation

For questions or comments about this manual or SWQM, you can contact the SWQM
Program at the TCEQ. A list of substantive changes to this manual will be proposed and
discussed, as needed, at the TCEQ' s annual SWQM workshop.

Y ou can reach the SWQM Team in the following ways—

By email: swgm@tceq.texas.gov
By mail: SWQM Program, MC 234
TCEQ
PO Box 13087
Austin TX 78711-3087
By fax: 512-239-4410
On the Web: Go to <www.tceq.texas.gov/waterquality/monitoring>

Getting Resour ces

Volumes 1 and 2 of the SMQM Procedures are available both in print and electronically.
To order aprinted copy, call TCEQ Publications at 512-239-0028, or fax your request to
512-239-4488. These manuals and other SWQM publications and resources, including
those that are referenced later in this document can be found at the TCEQ website (see
Appendix A).
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CHAPTER 2
GENERAL MONITORING GUIDELINES

Monitoring Categories

The SWQM Program and the CRP facilitate an integrated evaluation of physical,
chemical, and biological characteristics of aquatic systemsin relation to human-health
concerns, ecological conditions, and designated uses. In order to balance the needs of
multiple programs, monitoring is divided into the following categories:

®  routine monitoring

m  special-project monitoring
®  permit-support monitoring
m  systematic monitoring

Routine Monitoring

The routine-monitoring network collects physicochemical, biological, and hydrological
data at varying frequencies from most of the 367 classified stream, reservoir, and estuary
segments across Texas, as well as the Gulf of Mexico. Smaller unclassified water bodies
are also monitored to evaluate and define water quality and to respond to perceived risk
for pollution. This monitoring is also conducted on impaired water bodies that do not
support the water quality standards.

®m  Monitoring should continue for at least two years.

m  For al streams, quarterly monitoring is preferred; monitoring at least twice ayear is
required. Quarterly monitoring consists of four seasonal monitoring events (winter,
spring, summer, and fall). Samples collected twice ayear should include both
summer and winter, representing both warm and cool seasons.

®m  Routine monitoring includes, at a minimum:

o field measurements—dissolved oxygen (DO), pH, specific conductance,
temperature, Secchi depth

e conventiona chemica parameter samples (for example, nutrients, chlorophyll a,
chloride, sulfate)

e bacterial measurements
o flow measurements (or flow obtained from a USGS or an IBWC gauge)
®  Routine monitoring may include the following (generally performed at least twice
per year):
e aquatic-life monitoring (ALM)
e routine monitoring for toxics (metals or organics) in water or sediment
e routine 24-hour measurements
e monitoring at representative sites in each ecoregion (“ecoregion monitoring”)

®  Routine monitoring does not include:
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e ambient toxicity (biomonitoring)
e toxics (metals or organics) in fish tissue
e monitoring to characterize the degree or extent of an impairment

®m  For reservoirs and estuaries, the preferred monitoring frequency is four times per year,
once in each season. Additional data are needed both to develop water quality criteria,
and to adequately assess seasona and long-term conditionsin reservoirs and
estuaries. Quarterly data collection is particularly useful at monitoring stations listed
in Appendix F of the 2010 Texas Surface Water Quality Standards (TSWQS),
adopted by the TCEQ on June 30, 2010.

Where quarterly sampling is not feasible, discuss the possibility of two measurements
per year (winter and summer) at annual coordinated monitoring meetings.

®m  The hierarchy for selecting unclassified waters for routine monitoring is as follows:
1. perennia streams
2. reservoirs and bays with high public use

3. public water supply reservoirs unmonitored by the water supplier or other
organization or authority

4. intermittent streams with permanent pools that are in high public use or contain
significant aquatic life

Coordinated Monitoring Schedule and Planning

The coordinated monitoring schedule (CMS) increases the efficiency of surface water
data collection and analysis by the SWQM Program and its participating organizations.
Coordinated statewide monitoring reduces the duplication of effort and improves spatial
coverage of monitoring sites and consistency of data collection. Accessthe CMS online
at <cms.Icra.org/>.

The TCEQ distributes guidelines for revising the routine monitoring schedule annualy,
before coordinated-monitoring meetings. Thisinformation is also available on the Web
(see Appendix A).

Planning and development of the CM S takes place in January through May of the
preceding fiscal year. The meetings are held in each major river basin and are hosted by
the CRP basin planning agency. The scheduleis continually updated during the annual
planning process with afinal version available on September 1 of each fiscal year. The
Web-based CM S also allows for changes to be made during the year so the scheduleis
kept current. Those participating include the TCEQ SWQM and CRP staff, CRP partners,
and other state, federal, county, and city agencies. All groups that collect SWQM data and
commit to comply with TCEQ requirements for collecting quality-assured data are invited
to participate in the meetings.

Specid attention is focused on spatia gaps in station locations and gaps in various data
needs. New sites are added, existing sites may be relocated, and monitored parameters
may be changed based on the discussions at the meetings.

Routine Monitoring During Extended Drought

To ensure continuity of statewide routine SWQM activities during extended periods of
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drought, the program has devel oped a guide to fulfilling the monitoring plan outlined in
the CMS, available online (see Appendix A).

Special-Project Monitoring

Specia-project monitoring involves data collection to better characterize nonattainment
of water quality standards, the loading contributions of nonpoint sources of pollutionin a
watershed, and stakeholder concerns. Specia projects are developed in consultation with
other basin monitoring entities and TCEQ coordinators for the SWQM, Clean Rivers,
Water Quality Standards (WQS), and TMDL programs.

Specia projects improve the TCEQ’ s understanding of sources, distribution, and fates of
particular constituents in selected reaches of water bodies. Special-project monitoring is
used to assess toxicity in surface waters and impacts of point and nonpoint source
discharges and to develop water quality controls and assess improvements after
enforcement actions or implementation of controls. Special-project monitoring is also
used to develop new or revised sampling and assessment procedures, to describe impacts
of habitat modification on water quality, and to describe water quality in intermittent
streams and unclassified streams.

m  Monitoring usually continues for at least two years.

m  Special-project monitoring is often performed to better characterize impairments and
therefore takes place at or near sites where previous sampling identified impairment
or concerns.

m  Specia-project monitoring may include:
e TMDL project-support monitoring

e independent 24-hour DO or sediment study (not in conjunction with routine
monitoring)

e independent one-time or multi-year fish-tissue studies

e ambient toxicity sampling (the SWQM Program produces an annual statewide
schedule)

e monitoring effectiveness of best management practices
e monitoring to identify and characterize nonpoint source pollution

Sediment Sampling for M etals and Organics

Independent sediment sampling is generally conducted as part of a specia project. The
sampling plan should specify the generation of at least four samplesin 1-2 years. At a
minimum, samples are collected twice each year for two years. The datais screened using
SWQM Program—derived 85th percentiles and NOAA probable effects levels. If no
secondary concerns are identified after four samples are collected, sampling isto be
terminated at the site and a new one selected the following year. If secondary concerns
are identified, sediment sampling is continued and the other components of the sediment
sampling triad approach (toxicity testing and benthic macroinvertebrate sampling) are
conducted to determine if the aguatic-life use isimpaired by contaminated sediment.
Guidelines for sediment sampling appear in Chapter 6.
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Fish-Tissue Sampling

Fish-tissue sampling is considered a special project. The project plan outlines sampling to
generate at least four composite samples (to assess ecological health) and four individual
fillets (to assess human-health risk) in 1-2 years. Collect fillet and composite samples
twice each year for two years, or all four samples within one year. Evaluate the fillet data
according to human health—based screening levels in the 305(b) guidance. If no secondary
concerns are identified after four samples are collected, sampling is terminated at the site
and a new one selected the following year. If any secondary concerns are identified in the
fillet samples, the TCEQ will notify the Texas Department of State Health Services, and
request of the DSHS a more in-depth special study to determine human-heath risk and
whether a consumption advisory or aquatic-life closure is warranted. The TCEQ will be
devel oping predator-protection levels for screening whol e-fish composite-sampl e data.

Sediment samples are generally collected from the same water bodies as part of afish-
tissue specia study designed to address pollution by toxic contaminants. Details for
sampling fish tissue, including target species, appear in Chapter 7.

Whereto Collect Samples

Give priority to sites where previous assessments have failed criteriafor acute or chronic
criteriaor human-health criteria, or shown biological impairment. When selecting a site,
consider placement where there is a perceived risk of contamination with metals or
organic substances. Also consider sites downstream from domestic or industria
discharges, hazardous-waste sites, metropolitan areas, or areas experiencing high
nonpoint source loads. Samples are not collected in areas where the DSHS has issued
consumption advisories or aguatic-life closures or where it has previously sampled and
determined the fish to be safe for human consumption. However, if an advisory is more
than eight years old, sampling may be considered with an emphasis on contaminants of
concern to determine if the DSHS should revise the advisory.

Sampling Considerations

Field sampling with a boat-mounted el ectrofisher, gill nets, or trawls should normally be
conducted in the summer to early fall when lipid content is generally highest in fish and
water levels are low.

Permit-Support Monitoring

Permit-support monitoring is conducted to directly support a TCEQ wastewater-discharge
permit action. The TCEQ identifies specific water bodies where permitting programs
would benefit from additional information on water quality and quantity. This type of
monitoring generally supports the development or modification of effluent limits by
determining the appropriate aquatic-life use. Table 2.1 summarizes the objectives.

Use-attainability analyses (UAAS) are assessments of the physical, chemical, and
biological factors affecting attainment of ause. UAASs are used to determineif existing
criteriaand uses described in the TSWQS are appropriate and are being maintained, or
to determine causes of use or criteria not being attained. Receiving-water assessments
(RWAYS) are special-purpose UAAS to assess characteristics on unclassified streams,
primarily to obtain data so that appropriate aguatic life uses can be assigned. Procedures
for conducting UAAs, RWASs, and other biologica and habitat monitoring are described
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Table 2.1. Objectives for permit-support monitoring.

General Objective Approach Prioritizing Resour ces
UAA. Determine if existing Collect chemical, biological, and | Scheduled by the WQS
designated uses and criteria are habitat information following Development Team after
appropriate and, if not, develop prescribed protocols (TCEQ review of recent monitoring
designated-use or criteria- publication RG-416). data.

adjustment information.

RWA.. Determine appropriate Collect biological and habitat Scheduled by the WQS
aquatic-life use and criteriafor information following prescribed | Implementation Teamin

unclassified water bodies receiving | protocols (TCEQ publication RG- | response to permit requests.
permitted discharges. 416).

IS. Evaluate loading from Collect hydraulic and water Requested by TCEQ water
wastewater discharges. quality information under low- quality modelers.
flow conditions.

in SMQM Procedures, Volume 2: Methods for Collecting and Analyzing Biological
Community and Habitat Data (TCEQ publication RG-416). The manual and other
associated biological monitoring documents and forms are available at the TCEQ website
(see Appendix A).

Intensive Surveys are short-term studies where specific hydraulic and water quality
measurements (primarily dissolved oxygen) are made under low-flow conditions over
several days. These are used by the TCEQ to evaluate loading from wastewater
discharges, verify TSWQS, address existing or potential special water quality problems,
and document water quality after controls are implemented.

Systematic Watershed Monitoring

Systematic watershed monitoring is similar to routine monitoring but with a shorter
duration (1 to 2 years) and is designed to screen waters that are not routinely monitored.
Systematic monitoring has several common objectives including:

m  Screening waters that would not normally be included in the routine monitoring
program.

®  Monitoring at sites to check the status of water bodies (improvements or concerns).
® |nvestigating areas of potential concern.

This type of monitoring, primarily used by CRP partner agencies, can follow either a
rotating-watershed approach or an intensive watershed evaluation. Additional information
on this monitoring approach appearsin Task 3 of the CRP Guidance (see Appendix A).
Table 2.2 summarizes systematic watershed monitoring objectives.

Selecting a Monitoring Site
It isimportant to consider monitoring sites that will best characterize water quality,
especially when selecting sites for routine ambient fixed-station monitoring.

Specia projects may include nonambient sites. Keep in mind that some types of special
study data (data collected during stormwater runoff, inside the mixing zone of a
wastewater discharge, during asingle low-flow period, or from a single season) may be
limited to very specific uses.
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Table 2.2. Objectives for systematic watershed monitoring.

General Objective

Approach

Prioritizing Resour ces

Impairment characterization—for
water bodies on the 303(d) List.

Continue monitoring to develop
an adequate data set to define
geographic extent and severity of
the impairment.

State agencies and local
stakeholders assist in
determining priority.

Develop ecoregion-specific
background data.

Develop an ecoregion-specific
monitoring plan.

Plan developed by the TCEQ
and TPWD biological
workgroup.

Aquatic-life assessment. Confirm
support or honsupport of presumed
aquatic-life use and criteriafor
unclassified water bodies not included
in Appendix D of the TSWQS;
identify appropriate aguatic-life use
and dissolved-oxygen criteria.

Collect chemical, biological, and
habitat information following
prescribed protocols.

State agencies and local
stakeholders assist in
determining priority.

Determine statewide percentages for
use support and concerns—reports to
the Texas legidature and EPA.

Comprehensive probability-
based or watershed monitoring
plan.

10 to 30 percent of total
resources for all routinely
monitored parameters.

Determine the quality trend for a water
body.

Develop awater body— and
parameter-specific plan or
continue some of the monitoring
already under way.

State agencies and local
stakeholders assist in
determining priority.

Determine pollutant sources.

Develop watershed and
parameter specific plan.

Local interest determines
priority at thistime or as part of
a TMDL -initiated investigation.

Determine if existing point source
controls are effective.

Conduct compliance monitoring
of effluents and receiving waters.

A planisdeveloped from
results of the assessment,
compliance history, grant
commitments, and relative risk
to the environment.

Verify effectiveness of BMPs.

Develop awatershed- and
parameter-specific plan.

Asrequired by TMDL-
implementation plans.

Site Access

Select sites where sampling can be conducted safely during most expected flow

conditions.

Historical Sites

Consider historical water quality data—very useful in assessing use attainment,
impairment, and the analysis of trends. Consider continued sample collection at sites that
are on current or past monitoring schedul es.

Water Quality

Establish more than one station for segments with very different water quality or
pollution potential. This allows representative data to be collected for all parts of the
segment—even for small segments.
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Designated Uses

Designated uses are assigned to specific water bodiesin Appendix A or D of the TSWQS.
Typical designated uses include public water supply, aquatic life, contact recreation (such
as swimming or wading), and human health. Consider designated uses for a segment
before monitoring. For example, if attainment of the aguatic-life use isto be assessed,
choose a site suitable for collecting representative fish or benthic macroinvertebrate
samples. Access the TSWQS (30 TAC 307) at the TCEQ website (see Appendix A).

Note: Collect bacteriological samples at all routine monitoring sites and under all
flow conditions.

L ocating Representative Sites

Spatial Consider ations

To evaluate compliance with the TSWQS, water quality data are reviewed station by
station within classified and unclassified waters to estimate the geographical extent of
use and criteria support, and to identify water quality concerns, based on the following:

®m  areview of existing data

m  the spatia distribution of monitoring sites having the required minimum number
of samples

known sources of pollution
the influence of tributaries and hydrological modifications
m the best professional judgment of personnel from the TCEQ and CRP partner
agencies
m theintent of data collection
Streams are measured in miles, reservoirs in acres, and estuaries and oceans in square
miles. A single monitoring site is considered to be representative of:
®  no more than 25 milesin freshwater and tidal streams
®m  no more than 25 percent of the total reservoir acres or estuary square miles
®m not more than 5,120 acres or 8 square miles

Major hydrological features, such as the confluence of amajor tributary or an instream
dam, may also limit the spatial extent of an assessment based on one station.

Sample locationsin streams, and in open water bodies such as reservoirs and estuaries,
should be characteristic of the main water mass or distinct hydrologic areas.

The following criteriamay be considered in determining where sampling sites are needed

to characterize water quality:

m  All classified segments (including reservoirs) should have at |east one routine
monitoring site that adequately characterizes the water body.

m  Segments that have very different hydrologic conditions or water quality in specific
areas should have more than one station so that representative data are collected in
each distinct part of a segment—even for small segments.

®m  Very long segments may require more stations. As arule, stream segments from 25
through 50 miles long require two stations; those longer than 50 miles require three or
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more, depending on the presence or absence of areas with significantly different
sources of contamination or potential water quality concerns.

® |nreservoirs, there should be stations in the major arms and near the dam and, for
estuaries, in secondary and tertiary bays.

m  Sites should be accessible. When possible, stream sites should have aUSGS or IBWC
streamflow gauge. If not, it should be possible to measure flow during routine visits.

m  Because historical water quality data can be very useful in assessing use attainment,
select sites that are on current or former monitoring schedules.

m  The site should provide representative samples. On large rivers, specific conductance
can be measured from bank to bank to determine if the stream is homogeneous and
well-mixed at a proposed site. The site should aso be free of backwater effects.

m At impaired sites, monitoring should take place at historical sites that best represent
the impaired portion of the water body.

Type of Water Body

Select monitoring sites that best represent water quality conditions of an entire water
body based on its type. A water body with varying water quality—due to things such as
wastewater treatment plant discharges, significant tributary inflow, spring flow, and
stormwater runoff—may require additional sites.

Rivers and streams. Locate sites so that samples can be safely collected from the centroid
of flow. If few sites are available for a stream segment, choose one that would best
represent the water body, and not an unusual condition or contaminant source. The
centroid is defined as the midpoint of that portion of stream width which contains 50
percent of the total flow. Avoid backwater areas or eddies when selecting a stream site.
For freshwater streams and rivers, sites must either have a streamflow gauge or be
suitable for conducting flow measurement. Exceptions may be made for special studies.

Reservoirs. At aminimum, locate sites near the dam and in the mgjor arms. Larger
reservoirs might also include stations in the middle and upper (riverine) areas. Select
sites that best represent the water body by avoiding coves and backwater areas.

Bays and estuaries. Locate sites that represent the segment. Stations located near
freshwater inflow (rivers, streams), a connecting water body, or close to shoreline
activities, or discharges from wastewater treatment plants, would not represent true
conditions in abay or estuary.

Select coastal stations so that a representative sample can be collected, regardless of the
tidal cycle. Where water masses are likely to change over the tidal cycle (inlets, lower
portion of tidal rivers and streams), collect samples during an outgoing tide, or just before
the tide turns back. If consistently collection of representative samples at asiteis not
possible, then consider a new station.

Mixing Zones

A mixing zone is defined as the area adjacent to a wastewater discharge point where
effluent mixes with the ambient surface water (TSWQS, 2010). In selecting a monitoring
site, be aware that locations below effluent discharges may not accurately represent
water-quality conditions of awater body and must be located outside the mixing zone.
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For a specific delineation of mixing-zone boundaries, see Table 2.3.

Monitoring Below Dams

Water quality conditions created by a dam release are generally not characteristic of a
water body. Monitoring sites should be located far enough downstream to be outside any
areainfluenced by a dam release. The acceptable location will vary depending on the size
of the stream and release. A low-water dam may cause turbulence only for a short
distance, whereas the release from a major reservoir may influence the receiving stream
for akilometer or more. Also keep in mind whether the release is from the top or bottom
of the dam. Water released from the bottom (hypolimnion) of areservoir will have lower
levels of dissolved oxygen (DO) than water released from the top (epilimnion).

Temporal Considerations

Sampling data used to characterize water quality and evaluate compliance with water
quality standards must be representative of the range of temperature and flow conditions
in the water body. Samples are distributed over at |east two seasons (to include inter-
seasonal variation) and over two years (to include inter-year variation), with some
collected during the index period, March 15-Oct. 15.

Unattended 24-hour DO sampling can be year-round. The data set should not be biased
toward unusual flow conditions, e.g., from drought, runoff, or season. One way to ensure
temporally representative datais to collect the data routinely with the same time intervals
between sampling events. Detailed information on conducting 24-hour DO monitoring
appearsin Chapter 3.

Requirements for biological monitoring are located in SVQM Procedures, VVolume 2
(TCEQ publication RG-416).

Data used for determining standards compliance on perennial streams must be collected
when the stream is flowing above the seven-day, two-year low flow (7Q2), except when
applying the acute criteriafor aquatic-life use. The TSWQS define the 7Q2 as the seven-
day, two-year low flow, or the lowest average streamflow for seven consecutive days with
arecurrence interval of two years, as statistically determined from historical data.
Samples collected on perennial streams at flow less than the 7Q2 cannot be used for
assessment purposes. However, extreme low-flow sampling results contribute to the
understanding of water quality changes during drought conditions and aid in long-term
water-resource planning. The 7Q2 values for many stream locations are published in the
TSWQS, 30 TAC 307. See “Fow Conditions for Collecting Samples,” below, for
additional information.

Table 2.3. Mixing-zone boundaries.

Type of Water Body L ocation of Mixing Zone

Perennial stream or river 30.5 m (100 ft) upstream of a 91 m (300 ft) downstream of a
discharge discharge

Lake, reservoir Thetypical mixing-zone radiusis no greater than 30.5 m (100 ft) or
half the width of the receiving water at the discharge point

Bay, estuary, or tidal The typical mixing-zone radiusis no greater than 61 m (200 ft) or half

rivers—greater than 122 m the width of the receiving water at the discharge point

(400 ft) across
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Details on temporal considerations can be found in the most current version of Guidance
for Assessing and Reporting Surface Water Quality in Texas (see Appendix A).

Generating New Monitoring Stations
Procedures for generating a new monitoring station are found in Chapter 3 of the SNMQM
Data Management Reference Guide (SAVQM DMRG), available online (see Appendix A).

Check the list of existing stations before submitting a station location form for a new
Station ID. The SLOC form and alist of existing stations, arranged by basin, can be
found online—see Appendix A.

Note: Station ID numbers are not assigned sequentially. A review of the entire list may
be necessary. Unclassified water bodies appear first on thelist.

The SWQM DMRG contains detailed instructions and information necessary to
complete a SLOC form. SLOC forms can be found in the SMQM DMRG or online
(see Appendix A).

Flow Conditions for Collecting Samples

Baseline water-chemistry monitoring includes samples collected over arange of flow
conditions (except metals in water). When samples are collected during abnormally high
or low flow, record with each sampling any abnormal conditions in field notes and enter
them as an observation when submitting the data.

Metals-in-Water Samples

Metals-in-water samples for status monitoring are not collected during periods of
abnormally high turbidity. Samples collected during high turbidity are unstable with
regard to soluble metals and are seldom representative. See Chapter 5 for details on
monitoring metals in water.

Sediment and Tissue Samples
Methods for sediment and tissue collection generally require normal to lower flow.

Flow Data Requirements

It isimportant to record measured instantaneous flow, flow severity, and days since
last significant rainfall for each sampling event. Thisinformation is very useful for
interpreting historical dataand ng compliance with the TSWQS. For example,
some standards do not apply when evaluating data taken at extremely low flows (below
the 7Q2), and in some water bodies DO criteriarequire a discrete flow value for their
determination.

The 7Q2 restrictions apply only to freshwater streams. Reservoirs, bays, estuaries, tidal
streams, coastal ship channels, and the Gulf of Mexico are not subject to 7Q2 restrictions.

Flow must be measured at al routine freshwater stream—monitoring sites. A flow
measurement is also required for each 24-hour DO-monitoring event and for any
biological or habitat assessment activities. See Chapter 3 for detailed flow-
measurement methods.

Flow estimates should not be reported in place of an actual instantaneous flow
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measurement. However, flow-estimate methods may be used if no other means of flow
measurement are available. Use the appropriate parameter code to report flow-estimate
data. See Chapter 3 for detailed information on flow-measurement methods.

Required Equipment

See Chapter 9 for the list of basic SWQM equipment.

SWQOM Internet Resources

A web page titled “ Surface Water Quality Monitoring” <www.tceq.state.tx.us/
compliance/monitoring/water/quality/data/wgm/mtr/> serves as a single access point for
SWQM guidance documents, data-reporting forms, and data management. In addition to
these essential SWQM resources there are additional reference materials available on the
web. See Appendix A for Monitoring Resources on the Web.

Guidance Documents

Guidance documents include:

m SAVQM Procedures Manual, Volume 1 (TCEQ publication RG-415)
SWQM Procedures Manual, Volume 2 (TCEQ publication RG-416)
SAVOQM Quality Assurance Project Plan (QAPP)

SNVQM Data Management Reference Guide (DMRG)

See the References for full citations.

Forms Online

The SWQM page contains links—in PDF and Word formats—to all SWQM forms used
for collecting and managing surface water quality monitoring data, and guidance
references for their use. The forms available include:

m  biological data forms (benthic-macroinvertebrate, fish and habitat-assessment)
m field dataforms and log sheets
m  data-management forms and checklists

Quality Control

Various quality-control measures are required for collecting SWQM data. Specific
requirements for field measurements are detailed in Chapter 3, for multiprobe instrument
calibration in Chapter 8, and for water-sample collection in Chapter 5.

General QC information and SWQM-CRP requirements are outlined in Chapter 10.
| nterim Method Changes

A complete revision of the SWQM manuals is done every threeto five years. The
looseleaf format facilitates the insertion of interim updates between full revisions. A
processisin place to facilitate minor and major revisions to the manuals. Details can be
found in Procedures for Making Interim Changes to the SMQM Procedures Manuals (see
Appendix A).

Alternate SWQM Sample Collection Methods

The methods contained in this manual are required for all routinely collected surface
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water quality data. Proposed changes or variations to these methods must be submitted
to the TCEQ for approval. Once approved the method must be included in an approved
guality assurance project plan prior to implementation. At a minimum there must

be documentation showing that the revised method yields data comparable to the
existing method.

Data Reporting

Appropriate procedures and parameter codes necessary for submitting data are discussed
in the SVNQM DMRG.

Minimum Data Requirements for the Assessment of

Surface Waters

Information on the minimum data requirements for use in the water quality assessment
required by Section 305(b) of the CWA can be found in the most current version of
Guidance for Assessing and Reporting Surface Water Quality in Texas (see Appendix A).
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CHAPTER 3
FIELD MEASUREMENTS

This chapter describes the methods necessary to record and collect field data. The field
parameters water temperature, pH, dissolved oxygen, and specific conductance are
measured using multiprobe instruments. Additional details on calibration, maintenance,
and performance of instruments used to measure these parameters are outlined in
Chapter 8 of this manual. The measurement of flow, an important parameter in
interpreting data, is also detailed in this chapter.

Recording Field Data

For each sampling trip, record field measurements and observations in a field data
logbook or on a field data sheet. This manual does not prescribe any particular system for
recording field data. Any mention of a “field data logbook” or “field data sheet” in this
document does not refer to a specific document or form. The format for recording field
data is left up to the staff responsible for monitoring or as specified in a program or
project QAPP.

Field data (bound or loose-leaf sheets) must be maintained on file for a minimum
of five years or as defined in a project or program QAPP. It is important to maintain
these records since the logbook or data sheets may be the only written record of field
measurements. Field-data records are reviewed during the annual technical systems audit
or monitoring systems audit.

A good safety precaution against lost field data is to photocopy or electronically scan
current data upon returning from the field, keeping these pages on file at the office. The
entries discussed below are recorded at each sampling site.

For each visit to an individual station where field measurements and samples are
collected, record the following:

station ID

sampling date

location

sampling depth

sampling time

sample-collector name(s)

all measured field parameters and their respective values

observations

Field physicochemical parameters include part or all of the following:

dissolved oxygen
temperature

specific conductance
pH
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salinity (tidal waters only)

Secchi-disk transparency

days since last precipitation (significant enough to influence water quality)
flow severity (freshwater streams and rivers)

stream discharge (freshwater streams and rivers)

method of stream-discharge measurement (freshwater streams and rivers)

Recording Field Observations

Upon arrival at a sampling site, record observations on the general appearance and
condition of the water (for example, color, odor, presence of algae, foam) and other
information related to water quality and water use (for example, for fishing or
swimming).

Left-bank and right-bank orientation. To be consistent and to help orient others to the
location of observations, the convention left bank—right bank is used. “Left” and “right”
refer to the banks to those sides of an observer when facing downstream.

General Observations

Record field observations to aid in the interpretation of water quality information. Here
are some common examples.

Water appearance. General observations on water might include color or an unusual
amount of suspended matter, debris, or foam.

Weather. Recent meteorological events that may have affected water quality include
heavy rains, a cold front, or very dry or very wet conditions.

Biological activity. Record excessive macrophyte, phytoplankton, or periphyton
growth. The observation of water color and excessive algal growth is very important in
explaining high chlorophyll a or low DO values. Note unusual activities or presence of
other aquatic life.

Unusual odors. Examples include hydrogen sulfide, mustiness, sewage, petroleum,
chemicals, or chlorine.

Watershed or instream activities. Record instream or drainage-basin activities or events
that may affect water quality—for example, bridge construction, shoreline mowing, or
livestock watering upstream.

Observations related to water quality and stream uses. If the water quality conditions
are exceptionally poor, note that standards are not met in the observations—for example,
dissolved oxygen is below minimum criteria. Uses may include swimming, wading,
boating, fishing, irrigation pumps, or navigation. This type of information may be used in
evaluating compliance with standards.

Specific sample information. Specific information about the sample, such as number of
sediment grabs, or type and number of fish in a tissue sample, is required for these sample
types. If the sample was collected as part of a complaint or a fish-kill investigation, make
a note of this in the observation section and use appropriate program codes defined in the
SWQM DMRG.

Missing parameters. If a scheduled parameter or group of parameters is not collected,
note this in the comments.
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Other Information Recorded

Water and Sediment Samples

Examples of the general types of chemical samples collected include routine water
chemistry, metals in water, metals in sediment, organics and pesticides in water, and
organics and pesticides in sediment. Record the method of preservation for each
chemical sample. Record the unique tag number for each sample type (water, sediment,
or tissue) you submit to the laboratory. The sample tag number is important when
contacting the laboratory about a sample. See Chapters 5 and 6 for details on water

and sediment collection.

Tissue Samples

Record a description of the general sample habitat where tissue samples were collected.
This gives monitoring personnel a reference when sampling similar habitats in following
years and at different stations. Also record the species, number of fish per sample, and
tag number for each sample submitted to the laboratory. See Chapter 7 for details on
tissue collection.

Biological Samples

Procedures for conducting biological and habitat monitoring are outlined in Surface
Water Quality Monitoring Procedures, Volume 2 (TCEQ publication RG-416). See also
Appendix A.

Field Measurements

Water samples (including bacteriological) are generally collected before field
measurements are taken. If meeting hold times for associated water and bacteriological
samples is an issue, field measurements (including flow) may be taken first. Keep in
mind that the water samples must be collected from an undisturbed area, and multiprobe
instruments must be allowed to stabilize. See Chapters 4 and 5 for details on collecting
bacteriological and water quality samples. See Chapter 8 for details on calibration and
maintenance of multiprobe instruments. Chapter 9 provides a list of required equipment.

Where to Collect Field Measurements

For freshwater-stream samples, the centroid of flow should be accessible for sampling
physicochemical parameters—»by bridge, boat, or wading. Field measurements should
be taken as close to the centroid of flow as possible when the stream appears to be
completely mixed from shore to shore. The centroid is defined as the midpoint of a
portion of the stream width which contains 50 percent of the total flow. In streams,
measurements are generally taken upstream of a bridge. This is to avoid any influence
runoff from the bridge might have on getting a representative measurement.

Field measurements in reservoirs, estuaries, and bays are generally collected by boat. In
tidally influenced portions of streams and rivers, samples are generally collected from
the channel midpoint by bridge or boat. Most tidal streams are too deep for wading to the
channel midpoint. Sampling from the shoreline of any water body is the least acceptable
method. If shoreline sampling is the only option, the TCEQ recommends moving to a
more accessible location.
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Depth of Field Measurements

Streams and Shallow Rivers

Less than 0.50 m. If the water depth of a stream or shallow river is less than 0.50 m, take
field measurements at a depth equal to one-third of the water depth measured from the
surface. Report the actual measured depth.

Greater than 0.50 m but less than 1.5 m. If the water depth at the sampling point of

a shallow stream or river is greater than 0.50 m, but less than 1.5 m, for dissolved
oxygen, temperature, pH, and specific conductance measure at a depth of 0.30 m below
the surface.

1.5 m or greater. If the sampling point of a shallow stream or river is 1.5 m deep or
deeper, make a vertical profile for dissolved oxygen, temperature, pH, and specific
conductance using a multiprobe instrument. If a vertical profile is not practical, report
those measurements from a depth of 0.30 m. The measurement depth is more accurately
determined from the depth sensor on a multiprobe instrument rather than depth labels on
the cable. See Chapter 8 for details on “Calibrating the Depth Sensor.”

Vertical Profiles in Rivers, Reservoirs, Bays, and Estuaries

Procedures for measuring depth or vertical profiles in reservoirs, deep rivers, bays, and
barge and ship channels greater than 1.5 m in depth are outlined below. See the SWQM
DMRG for detailed information on data reporting. Take measurements at specific depths
to determine if a water body is stratified—if so, certain criteria apply to the mixed surface
layer. In the absence of profile data, a single surface sample (0.30 m) is adequate.

For information on the mixed surface layer, refer to the most recent revision of the
TCEQ’s Guidance for Assessing and Reporting Surface Water Quality in Texas. See
Appendix A.

Reservoirs, inland streams, bays, and barge channels with depths 1.5 to < 3.0 meters.
In reservoirs, inland streams, bays, and barge channels (for example, the Intracoastal
Waterway) which are 1.5 to < 3.0 m deep, record measurements at 0.30 m below the
surface, at mid-depth, and at 0.3 m above the bottom.

Reservoirs, inland streams, and bays with depths > 3.0 meters. In reservoirs, inland
streams, and bays which are 3.0 meters or greater in depth, record measurements at
0.30 m below the surface and then at 1.0 m and each subsequent 1.0 m interval. For

the final measurement, take a reading 0.30 m above the bottom, if possible. If the
remaining distance is less than 0.3 m, a final measurement is not required. The

intervals may be extended to 3.0 m in reservoirs, if the total depth exceeds 18 m. All of
the intervals, however, must be equal—1, 2, or 3 meters—and consistent with intervals
used in earlier and subsequent field events. This helps determine compliance with water
quality standards.

Coastal ship channels with depths > 3.0 meters. In coastal ship channels which are 3.0 m
or greater in depth, record measurements at depths of 0.30 m below the surface and then
at 3.0 m and each subsequent 3.0 m interval. For the final measurement, if the distance
from the last reading to the bottom is greater than 1.0 m, take a reading at 0.30 m above
the bottom. If the distance is equal to or less than 1.0 m, do not take another reading.
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Field Parameters

This section summarizes information, guidelines, and minimum requirements that
apply to the following field measurements; DO, specific conductance, pH, 24-hour DO,
salinity, chlorine residual, and Secchi-disk transparency.

Required Monitoring Equipment

See Chapter 9 for the list of required SWQM equipment.

Water Temperature
Parameter Code 00010
Record the water temperature data to the nearest tenth of a degree Celsius (°C).

Equipment
= A multiprobe instrument (see Chapter 8).

Procedures for Sampling

Measure temperature directly from a water body at one or more depths specified in
“Depth of Field Measurements.” Allow the sensors to equilibrate for at least 2 minutes
before recording the temperature. The temperature sensor does not require routine
calibration but must be checked for accuracy during routine instrument maintenance.
See Chapter 8, “Temperature Sensor,” for additional information on temperature
sensor checks.

pH
Parameter Code 00400
Record pH data to the nearest tenth of a standard unit.

Equipment
= A multiprobe instrument, calibrated according to “pH Sensor,” Chapter 8.

Procedures for Sampling

Measure pH directly from a water body at one or more depths specified in “Depth of
Field Measurements.” The pH sensor is calibrated each day of use for multiprobe
instruments. See Chapter 8, “Calibrating and Maintaining Multiprobe Instruments.”
Allow the sensors to equilibrate for at least two minutes before recording pH.

Dissolved Oxygen

Parameter Code 00300
Record dissolved-oxygen data to the nearest tenth of a mg/L.

Equipment
m A multiprobe instrument, calibrated according to “Dissolved Oxygen Sensor,”
Chapter 8.

Procedures for Sampling

Measure DO directly from a water body at one or more depths specified in “Depth of
Field Measurements.” The DO sensor is calibrated each day of use for multiprobe
instruments. See Chapter 8, “Calibrating and Maintaining Multiprobe Instruments.”
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The DO probe must be allowed to stabilize for at least two minutes before DO is
recorded. Since dissolved oxygen takes the longest to stabilize, record this parameter
after temperature, specific conductance, and pH. For profile measurements, allow the
DO probe to stabilize for at least two minutes before taking the initial reading. For each
subsequent depth allow the DO reading to stabilize before recording the measurement.

24-Hour Dissolved Oxygen
Sampling for Compliance with Standards for the

Aquatic-Life Use

Parameter Codes 89857 and 89855

Each classified water body in the TSWQS is assigned an aquatic-life use (ALU)—
exceptional, high, intermediate, limited, or minimal—based on physical, chemical, and
biological characteristics. To protect these uses, 24-hour average DO criteria and absolute
DO minimum criteria are assigned to each ALU category.

For detailed information on DO criteria for classified and unclassified water bodies and
on the use of 24-hour DO data in assessing aquatic-life-use support, see the most recent
revision of the TCEQ’s Guidance for Assessing and Reporting Surface Water Quality in
Texas (see Appendix A).

Unattended Data Collection—Dissolved Oxygen

Why Collect 24-Hour Data?

Dissolved oxygen sampling for compliance with ALU standards is targeted to water
bodies where low instantaneous DO levels indicate only partial support or nonsupport of
designated ALUs. This sampling requires intensive monitoring with automated equipment
that is preset to record and store field measurements over one 24-hour period.

When to Take Measurements

Twenty-four-hour DO monitoring events can be conducted year-round. To ensure
unbiased, seasonally representative data, samples are allocated to various times of the
year. Collect one-half to two-thirds of the samples during the index period representing
warm-weather seasons of the year, March 15-October 15 (Figure 3.1). Of the total
allocated to the index period a subset of the samples are to be collected during the
critical period of the year (July 1-September 30)—when minimum streamflows,
maximum temperatures, and minimum DO concentrations typically occur in Texas
streams. Collect a minimum of one-fourth to a maximum of one-third of the samples
(allocated to the index period) during the critical period. The remainder of the samples
can be collected outside the index period. Approximately one month must separate
each 24-hour sampling event. The minimum number of samples collected in a year
is two—one within the index period and one within the critical period.

Note: For specific guidance on data requirements for determining DO standards
compliance refer to the most current version of the Guidance for Assessing and Reporting
Surface Water Quality in Texas (see Appendix A).
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Index Period
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Non-Index Period Critical Period Non-Index Period

Figure 3.1. Index, non-index, and critical periods.

Stream Discharge Requirements

In flowing freshwater streams and rivers, a discharge measurement must be taken

during the period of deployment, where possible. If the discharge is less than the 7Q2 in a
perennial stream, the DO criterion does not apply, and 24-hour data are not evaluated for
compliance with standards. Discharge measurements are not required for tidal streams,
reservoirs (including riverine portions), bays, or estuaries. For larger streams, only where
discharge cannot be measured, a flow-severity value may be submitted.

Equipment
Please refer to Chapter 8 for specific information on instrument setup and calibration.

Frequency of Measurements

The preferred measurement interval is no more than once per 15 minutes, and no less than
once per hour. Thus, the minimum total number of measurements over the 24-hour period
is 25. Meeting the minimum would require programming an instrument to record data for
more than 24 hours. Those leaving instruments out for several days should report the first
24-hour period after initial stabilization. See “Acclimating to Ambient Conditions,”
below, for additional information.

Sometimes a complete 24-hour data set is not possible. For example, if there are 20
measurements instead of 24, a time-weighted average needs to be calculated.

A TWA is calculated using the following formula:
TWA = ( T22:1Tl ) . ( DOl-;DOZ ) N ( T32:1T2 ) « (DOZ; DOS)
( T4—T3 ) « ( DO; + DO, )+
24 24

DO = DO concentration in mg/L
T = Time interval

Acclimating to Ambient Conditions

Allow the instrument time to acclimate to ambient conditions by setting its start time

at least an hour after deployment. Unlike the short warm-up time for instantaneous
measurements, extended monitoring takes a little longer so that all measurements are
collected under the same conditions. In cases where the instrument begins recording data
shortly after deployment, the first measurement should not be included in the data set.

Where to Take Measurements

Shallow streams. For purposes of determining compliance with the 24-hour average
criteria, samples collected at the surface (0.3 m) will be considered representative of the
mixed surface layer.
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Refer to “Depth of Field Measurements” for guidelines on deployment depths.

The placement of the instrument is specific to each sample location. Remember, the
main goal is to place the instrument in a location that will best represent conditions of
that water body. Avoid backwater areas, stagnant pools, shallow areas, or areas near the
bank. Where possible, place instruments away from the bank in flowing water.

Due to the varied conditions encountered in Texas, the following are general guidelines.
In general, suspend instruments from cables or chains attached to a bridge piling, or over
a hanging tree or some other structure that will allow their suspension at the correct
depth. To protect the instrument from damage, place it in a guard (usually a piece of PVC
pipe slightly larger than the instrument) with slits or holes that allow water to flow
through. Avoid laying instruments on soft stream bottoms where sediment can interfere
with the probes. Cinder blocks, boulders, or other stable objects can be used to position
an instrument off the bottom in cases where there is no overhanging structure or the
bottom is soft (see Figure 3.2).

Deep streams, reservoirs, and bays. Deploy instruments in the mixed surface layer.
Determine the location of that layer by taking profile measurements (refer to “Vertical
Profile Depth™).

Deploy a multiprobe instrument between a depth of 0.3 m (from the surface) and half the
depth of the mixed surface layer. For example, if the mixed surface layer is 3 m deep,
deploy the instrument between 0.3 m and 1.5 m. This is only required when the water
body is stratified.

Figure 3.2. Deploying an instrument for 24-hour monitoring.

For additional information on the mixed surface layer see the most recent revision of the
TCEQ’s Guidance for Assessing and Reporting Surface Water Quality in Texas (see
Appendix A).

Suspend instruments from buoys, pilings, or structures that allow their placement at
the correct depth. In pools, reservoirs, bays, or estuaries, sample the central water mass,
rather than side channels, backwater areas, or shallow areas near the bank.
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When to Collect Other Routine Samples
Collect other routine field measurements and water samples either deployment or when
retrieving a multiprobe instrument that is recording 24-hour data.

Priority for Scheduling 24-Hour Sampling Events
When prioritizing 24-hour sampling events, consider the following:

m water bodies on the 303(d) List

water bodies with concerns for low DO (too few samples available for full-use
assessment)

m occurrence of low or very high DO concentrations during the day
m water bodies with trends that indicate declining DO concentrations
m water bodies contributing to an ecoregion data set

Data Reporting
24-hour data. Data submitted for a 24-hour DO event include:

B minimum value
®  maximum value
®  24-hour average
m  number of measurements

Reporting other field measurements—water temperature, specific conductance, pH, and
salinity —collected as part of the 24-hour deployment is optional. See the SWQM DMRG
for a list of parameter codes and detailed information on reporting these parameters.

Non-24-hour data. All grab-sample data or instantaneous measurements associated with
a 24-hour event must be reported separately. They are not composites and therefore
cannot be considered part of a 24-hour event. Examples include Secchi-disk
transparency; instantaneous DO, temperature, pH, and specific-conductance
measurements; stream discharge, routine water chemistry, and bacteria data, or simply
everything that was not downloaded from the multiprobe instrument.

QC Checks

It is important to collect accurate 24-hour DO data. These data are used for assessing
standards compliance and whether a water body is capable of supporting the designated
or presumed ALU. Calibration and post calibration checks must be done with each
24-hour deployment. The difference between the calibration and post calibration for
DO must be within + 0.5 mg/L or + 6 percent saturation. Post-calibration error limits
for optional 24-hour parameters are listed in Chapter 8.

The time between calibration and the post-calibration check may vary. Some instruments
are left out for 48 hours. In other cases, one instrument may be used for several 24-hour
samplings before the post-calibration check. This is not the preferred method but is
acceptable as long as the instrument passes the post-calibration check. The risk of
expanding the time between calibration and the post-calibration check is the loss of data
if the instrument fails the QC checks.
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Specific Conductance

Parameter Code 00094

Record specific conductance measurements in microsiemens per centimeter (uS/cm); to
three significant figures if the value is greater than 100 uS/cm and to two significant
figures if the value is less than 100.

Equipment

m A multiprobe instrument, calibrated according to “Conductivity Sensor,” Chapter 8.

Procedures for Sampling

The specific conductance function is calibrated each day of use for multiprobe
instruments. See Chapter 8, “Calibrating and Maintaining Multiprobe Instruments.”
Measure specific conductance, like other field parameters, directly from a water body at
depth(s) specified in “Depth of Field Measurements.” Allow the conductivity probe to
equilibrate for at least two minutes before recording specific conductance.

A common physical problem in using a specific-conductance probe is trapping of air
bubbles. Air in the probe is indicated by unstable specific conductance values fluctuating
up to £100 puS/cm, which can be minimized by slowly, carefully placing the probe into
the water and, when the probe is completely submerged, quickly moving it through the
water to release any air bubbles.

Salinity

Parameter Code 00480

In 1978, oceanographers redefined salinity in the Practical Salinity Scale as the
conductivity ratio of a seawater sample to a standard KCI solution. PSS is a ratio with no
units but is expressed in ppth which is approximately grams of salt per kilogram of
solution (Stewart, 2008). Salinity is calculated from specific conductance and
temperature. Multiprobe instruments compute salinity from specific conductance and
temperature based on Standard Method 2520b, 18th edition, 1989. The method detection
limit for the equation used by field instruments is 2.0-42.0 parts per thousand (ppth).

Equipment

®m  Multiprobe instrument, calibrated according to “Conductivity Sensor,” Chapter 8.

Procedures for Sampling

In estuarine waters, salinity is a relevant and meaningful parameter. Often, salinity may be
low, approaching that of freshwater. Nevertheless, this is useful information. Determine

if a station is estuarine from historical records (cases where salinity is > 2.0 ppth) and
always report salinity at this station, regardless of the salinity during periods of high flow.
Measure salinity, like other field parameters, directly in situ at the depths specified in
“Field Measurements.” Record salinity data in parts per thousand, to the nearest 0.1 ppth,
for tidal streams, estuaries, or bays. Report values less than 2.0 ppth as “< 2.0 ppth” rather
than the actual value.

Do not report salinity from freshwater or inland (brine) locations. These values are
not comparable to salinity measurements in marine or tidally influenced locations. They
include other salts depending on the underlying geography. In the absence of salinity data,
the staff can calculate salinity by using temperature and specific conductance.
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Field Measurements from a Bucket

If it is not possible or unsafe to measure in situ, use a container (for example, a Nalgene
or plastic bucket) to measure DO, water temperature, pH, and specific conductance. Take
care to ensure a measurement representative of in-stream conditions.

When taking field measurements with a multiprobe instrument, remember to place the
sonde directly in the water body to be sampled and then allow it to equilibrate while water
samples are collected. Only use a multiprobe instrument and bucket to measure field
parameters in atypical circumstances.

®m Do not use a bucket if the multiprobe instrument can be put directly into a water body.
Use a bucket in atypical situations when such insertion is not practical (extreme high
flows, a bridge too high for the cable, lack of safety).

m  Choose a bucket that is large enough to allow full immersion of the probe.

m  Before filling, bring the temperature of the bucket to the same temperature as the
water.

Place the probe in the bucket immediately, before the temperature changes.

m  Protect the bucket from direct sunlight and strong breezes before and during field
measurements.

m  Allow the probe to equilibrate for at least two minutes before recording field
parameters (DO, water temperature, specific conductance, and pH).

m  For details on collecting water samples from a bucket, see Chapter 5.

Secchi-Disk Transparency
Parameter Code 00078

Importance of Secchi-Disk Transparency Data

Secchi-disk transparency remains an important secondary parameter for assessing
eutrophication—the natural aging process in reservoirs and lakes—and for determining
trends in water clarity. Eutrophication is accelerated by human activities that add nutrients
to lakes, reservoirs, and the surrounding watersheds. Section 314 of the federal Clean
Water Act of 1987 requires all states to classify lakes and reservoirs according to the
trophic state. The TCEQ evaluates and ranks major Texas reservoirs and lakes using
Carlson’s trophic-state index (TSI). The TSI was developed to compare among reservoirs,
Secchi-disk depths, chlorophyll a and total phosphorus concentrations obtained during
routine reservoir monitoring (Carlson 1977). Although chlorophyll a is the most direct
measure of algal biomass, Carlson’s TSI uses Secchi-disk depth as the primary factor.
Carlson’s TSI is a useful tool for assessing the current condition of a reservoir or lake and
monitoring it for change over time. It is important to pair nutrient sampling with Secchi-
disk transparency whenever possible. For additional information see the “Nutrient Sample
Collection” section in Chapter 5. Secchi-disk measurements in streams are also important
for interpreting nutrient data. For bays and estuaries the Secchi disk is the preferred
method. For shallow streams and rivers the Secchi tube is the preferred method.

Equipment
m  Secchi disk, 20 cm in diameter attached to a calibrated line (calibrated in metric
increments) or fixed pole
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m  Secchi tube (optional)
®  measuring tape (metric)

Procedures for Sampling

Measure Secchi-disk transparency directly in the water body wherever conditions allow.
The Secchi disk should be clean, weighted and suspended on a metric-calibrated chain,
wire, or Dacron line (not nylon or cotton because stretching may cause erroneous
readings). A standard Secchi disk is 20cm in diameter and divided into four sections
alternating black and white (see Figure 3.3). Another option is to attach the Secchi disk to
a PVC pole calibrated in metric units. A Secchi disk mounted on a pole is beneficial for
stations affected by wind and waves that make reading a traditional Secchi disk difficult.
Record the Secchi-disk transparency in meters. Remove sunglasses before making a
measurement.

Normal Turbidity
Following are procedures for measuring Secchi-disk transparency under normal
conditions:

m Lower the Secchi disk vertically in a location shielded from direct sunlight. Glare
from the water’s surface will affect the accuracy of the measurement. Don’t wear
sunglasses.

m  Slowly lower the disk until it disappears from view. The viewer should maintain an
eye level of less than 2 meters above the water’s surface. Note the depth from the
surface at which the disk disappears from view.

m Slowly raise the disk until it becomes visible. Note the depth at which the disk
reappears.

m  Compute the average (mean) of the two depths noted and record the value in the field
logbook. The recorded average value is the Secchi-disk transparency.

High Turbidity
(Muddy Water)
To measure Secchi-disk transparency in highly turbid water:

m If necessary, use a bucket to measure Secchi-disk transparency in streams with very
high turbidity and high velocity. Fill the bucket from the centroid of flow, being
careful not to disturb the substrate.

' > Secchi
--l—mpth

Figure 3.3. Secchi disk (Ministry of the Environment, Ontario, Canada, 2003).
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m  Follow the steps above for measuring the Secchi-disk depth within 30 seconds after
raising the filled bucket from the water surface. If the solids settle resuspend by
stirring and then quickly take the measurement.

m  Record Secchi-disk transparency measurements in meters to two significant figures.

Low Turbidity
(Clear Water)
To measure Secchi-disk transparency under very clear water with low turbidity:

®m  Some bodies of water will be so clear and shallow that it will not be possible to lower
the Secchi disk until it disappears from view.

m  Measure and record the depth at the deepest point accessible.
m  Report Secchi-disk transparency as greater than the deepest depth measured.

Example of low turbidity: South Fork Rocky Creek is a small (< 1 ft*/s flow) clear stream.
The stream in the vicinity of the sampling site is less than 1 meter deep and the bottom is
clearly visible everywhere. However, a pool is located in the stream next to a bridge. The
maximum depth of the pool is 2.6 meters, at which depth the Secchi disk is still visible.
Therefore, Secchi-disk transparency for South Fork Rocky Creek is recorded as > 2.6 m.

Secchi Tube

Stream transparency can be measured with either a Secchi disk or Secchi tube. The tube
varies in length and is made of narrow clear plastic, with a release valve at the bottom
(see Figure 3.4). The bottom end of the tube has a small Secchi-disk symbol. The
standard dimensions of a Secchi tube for SWQM in Texas are 120 cm long x 4 cm

in diameter.

1. Fill the tube with sample water just until the image at the bottom of the tube is no
longer visible when looking directly through the water column at the image—having
taken care to take readings in open but shaded conditions. Avoid direct sunlight by
turning your back to the sun. Remove sunglasses before making a measurement.

2. Look down into the tube and release water through the valve until the symbol is just
visible.

3. Read the turbidity on the column at the bottom of the meniscus (bottom of the curve
in the water surface).

4. Record the depth of the water in meters. If the symbol is visible when the tube is full,
the transparency reading is greater than 0.60 meters (see Figure 3.4).

Figure 3.4. Secchi tube.
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Note: If you have the type of Secchi tube that includes a string for lowering and raising
the disk, average the measurements taken where the disk disappears and then reappears.

Chlorine Residual

Chlorine has an effect on bacteria, BOD, cyanide, semivolatile organics, pesticide,

and herbicide samples. Chlorine residual should be analyzed from samples collected
downstream of chlorinated effluent discharges or in areas where the presence of chlorine
is suspected when these types of samples are collected. If chlorine is present and these
samples are to be analyzed for bacteria, BOD, semivolatile organics, pesticides, and
herbicides, the samples must be treated with sodium thiosulfate (Na,S,03) to remove the
chlorine. Cyanide samples are treated with ascorbic acid to remove chlorine. See Chapters
4 and 5 for details on the treatment of samples in the presence of chlorine. Test strips or a
standard chlorine residual test may be used as a way to determine the presence or absence
of residual chlorine in the field.

Field Data Reporting
Values must be in final form before reporting to the TCEQ central office (see Table 3.11).
See the SWQM DMRG for detailed information on data reporting.

General Rounding Rules

Every measurement has a degree of uncertainty, so field measurements are rounded
before being submitted to the TCEQ SWQMIS database. Round numbers by dropping
digits that are not significant, according to Standard Methods (APHA, et al. 2005). In
decimals, if the digit 6, 7, 8, or 9 is dropped, increase the preceding digit by one unit. For
example, 6.68 rounds to 6.7. If 0, 1, 2 3, or 4 is dropped, do not change the preceding
digit. For example, 6.62 rounds to 6.6. If 5 is dropped, round off the preceding digit to the
nearest even number. For example, 2.25 rounds down to 2.2; 2.35 rounds up to 2.4. See
Table 3.1.

Other Field Observations

Days Since Last Significant Precipitation

Parameter Code 72053

“Significant” precipitation is defined as any amount that visibly influences water
guality. Water quality in small to medium streams and in the headwaters of many
reservoirs is influenced by runoff during and immediately after rainfall. This influence is

site specific and poorly studied. To understand and regulate the adverse effects of runoff,
the SWQM Program would like to associate recent rains or melted snow with ambient
water quality, using days since last significant precipitation, which can also be used to
indicate periods of insufficient rainfall and long-term drought.

Using your best professional judgment, record the number of days—rounded to the
nearest whole number—since a rainfall that may have influenced water quality. Here
are some guidelines:

m |f it is raining when the sample is collected, or has rained within the last 24 hours,
report a value of < 1.
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m If it has been a long time since a significant rain, record either the actual number of
days, if known, or a ‘greater than’ value—for example, > 60 days.

® [f your confidence about the recent history of precipitation is low, don’t report a value.
See the SWQM DMRG for detailed information on data reporting.

Flow Severity

Parameter Code 01351

Record a flow-severity value for each SWQM visit to freshwater streams or rivers
(nontidally influenced) and report the value to the TCEQ central office. Do not report
flow severity for reservoirs, lakes, bays or tidal streams. It should be recorded even if it
was not possible to measure flow on a specific sampling visit. See the SWQM DMRG for
detailed information on data reporting.

No numerical guidelines are associated with flow severity, an observational measurement
that is highly dependent on the water body and the knowledge of monitoring personnel.

It is a simple but useful piece of information when assessing water quality data. For
example, a bacteria value of 10,000 with a flow severity of 1 would represent something
entirely different than the same value with a flow severity of 5. See Table 3.2 for detailed
descriptions of flow-severity values.

Real-time flow data for U.S. Geological Survey sites statewide and International
Boundary and Water Commission sites in the Rio Grande Basin are available on the Web
(see Appendix A). This is useful information in determining actual flow, flow conditions
before sampling, and flow severity. Flow severity in streams with managed flows—
especially seasonal, for irrigation—can be difficult to determine. Flow severity in these
streams should not be based on seasonal norms. For example, flow due to irrigation
demands creates a “normal” flow of 500 cfs during the summer months and a “normal”
flow of 50 cfs during the winter months where irrigation flows stop. This information
would be difficult to interpret.
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Table 3.1. Final format for reporting field data (rounding, significant figures).

Parameter

Parameter Code Final Form for Field Data (Rounding, Significant Figures)

Water temperature (°C) 00010 Report temperature to the nearest tenth in degrees Celcius.
(example: 25.94 to 25.9, or 26.97 to 27.0)

pH (s.u.) 00400 Report pH to the nearest tenth in pH standard units.
(example: 7.94 to 7.9, or 7.97 to 8.0)

DO (mg/L) 00300 Report dissolved oxygen to the nearest tenth in mg/L.
(example: 5.94 t0 5.9, or 6.97 to 7.0)

Specific conductance 00094 Report specific conductance to only three significant figures if the value

(uS/cm) exceeds 100—for example: 1532 to 1530. Do not report ORP, which is
displayed by some multiprobe instruments. For values < 100uS/cm follow
standard rounding rules and report the nearest whole number. For example,
report 88.7 as 88 puS/cm.

Salinity (ppth) 00480 Report salinity values above 2.0 ppth to the nearest tenth in parts per
thousand. Do not report salinity from freshwater or inland (brine) locations.
In estuarine waters report the actual values displayed by the instrument
above 2.0 ppt, and values less than 2.0 as < 2.0 (examples: 0.85 to < 2.0;
1.5 to < 2.0). Determine if a station is estuarine (experiencing periods where
salinity is > 2.0 ppth), and always report salinity at this station, regardless of
salinity during periods of high flow. In the absence of salinity data, use
specific conductance and temperature to calculate salinity.

Secchi disk (meters) 00078 Report Secchi-depth transparency in meters to two significant figures
(examples: 0.35 m or 1.3 m).

Days since last 72053 Report whole numbers. If it is raining when the sample is collected, or has

significant precipitation rained within the last 24 hours, report a value of < 1. Otherwise report the

(days) actual number, if known, or a ‘greater than’ value.

E. coli 31699 First step: round the result to the nearest whole number to remove decimals.

(MPN/100 mL) Second step: round to two significant figures (example: 347.1 to 347 to
350). Adjust < and > results based on dilution. Do not report “zero” but
<1

Enterococci 31701 First step: round the result to the nearest whole number to remove decimals.

(MPN/100 mL) Second step: round to two significant figures (example: 347.1 to 347 to 350;
9.7 to 10). Adjust < and > results based on dilution. Do not report “zero”
but < 1.

Fecal coliform 31616 Always report fecal coliform densities as a whole number. If no colonies are

(colonies/100 mL) detected, report a less than value based on the volume filtered. For example:
report < 1 (100 mL filtered), < 4 (25 mL filtered), or < 10 (10 mL filtered).
For concentrations > 100, report two significant figures. Do not record
“TNTC” or “0/100 mL.”

Flow (Stream 00061 Report instantaneous flow values less than 10 but greater than 0.1 ft*/s to

Discharge) (ft*/s) the nearest tenth (example: 9.35 to 9.4). Report flow values greater than 10
ft%s to the nearest whole number (example: 20.62 to 21). Actual flow values
less than 0.1 ft*/s but greater than or equal to 0.01 ft%/s are reported and
not subject to rounding (example: report 0.07 as 0.07). Report flow values
< 0.01 ft¥/s as < 0.01. When there is no flow (pools), report 00061 as 0.0.
When there is no water, do not report a value for 00061.

Flow severity 01351 Report flow severity for freshwater streams and rivers only. When there is

(1—No Flow, 2—Low,
3—Normal, 4—Flood,
5—High, 6—Dry)

no flow (pools), report a flow severity of 1, and the instantaneous flow
(00061) as 0.0 ft/s. If the stream is dry, record only the flow-severity value
of 6.

Note: For details on reporting final data sets to the TCEQ, see the SWQM DMRG.
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Table 3.2. Flow-severity values.

Severity Value

Description

No Flow. When a flow severity of 1 is recorded for a sampling
visit, record a flow value of 0 ft*/s (using parameter code 00061) for
that sampling visit. A flow severity of 1 describes situations where
the stream has water visible in isolated pools. There should be no
obvious shallow subsurface flow in sand or gravel beds between
isolated pools. “No flow” not only applies to streams with pools,
but also to long reaches of streams that have water from bank to
bank but no detectable flow.

Low Flow. When streamflow is considered low, record a flow-
severity value of 2 for the visit, along with the corresponding flow
measurement (parameter code 00061). In streams too shallow for a
flow measurement where water movement is detected, record a
value of < 0.10 ft*/s. In general, at low flow the stream would be
characterized by flows that don’t fill the normal stream channel.
Water would not reach the base of both banks. Portions of the
stream channel might be dry. Flow might be confined to one side
of the stream channel.

Note: Use a stick or other light object to verify the direction of
water movement. Make sure the movement is downstream and not
the effect of wind.

Normal Flow. When streamflow is considered normal, record a
flow severity value of 3 for the visit, along with the corresponding
flow measurement (parameter code 00061). What is normal is
highly dependent on the stream. Normality is characterized by flow
that stays within the confines of the normal stream channel. Water
generally reaches the base of each bank.

Flood Flow. Flow-severity values for high and flood flows have
long been established by the EPA and are not sequential. Flood flow
is reported as a flow severity of 4. Flood flows are those that leave
the confines of the normal stream channel and move out onto the
floodplain (either side of the stream).

High Flow. High flows are reported as a flow severity of 5. High
flow would be characterized by flows that leave the normal stream
channel but stay within the stream banks.

Dry. When the stream is dry, record a flow-severity value of 6 for
the sampling visit. In this case the flow (parameter code 00061) is
not reported, indicating that the stream is completely dry with no
visible pools.
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Pool Characteristics (Flow Severity = 1)

Parameter Codes 89864, 89865, 89869, and 89870

Data collection as part of routine water quality monitoring is conducted under all flow
conditions including intermittent streams with pools (flow severity = 1). When sampling
in a pool it is important to record basic information about its size, to better define
attainable and beneficial uses for aquatic life and contact recreation. Pool characteristics
(other than size) are also needed to determine the aquatic-life use supported by pools of
different sizes and persistence. A pool is defined as anything greater than or equal to

10 meters in length and greater than or equal to 0.4 m in depth.

To aid in defining pools, record and report the following information for the main
pool sampled:

®  maximum pool width (meters)
®  maximum pool depth (meters)
m  pool length (meters)

To determine the percent pool coverage, check a reach that extends a total of 500-800
meters upstream and downstream of the monitoring site. Report the percent pool coverage
in a 500 m-800 m reach.

Reporting the Flow-Measurement Method

Parameter Code 89835

The method (or instrument) used to measure flow is noted by reporting a method category
number.

1—flow-gauge station (USGS, IBWC)
2—electronic (example, Marsh-McBirney)
3—mechanical (example, pygmy meter)
4—weir or flume

5—Doppler (example, FlowTracker)

Flow

Parameter Code 00061

Flow is required at all routine freshwater stream monitoring sites. Always measure flow,
read a USGS (or IBWC on the Rio Grande) flow gauge, or obtain a flow value at a later
date from the USGS or IBWC. Flow from gauging stations may only be reported with
data collected immediately adjacent to that site, unless a case can be made that no
major tributary or wastewater discharge is located between the gauge station and
monitoring site.

Report flow values in cubic feet per second (ft*/s). Flow values must be in final form
before they are reported to the TCEQ central office (see Table 3.1). See the SWQM
DMRG for detailed information on data reporting.

Considerations when Measuring Flow

When measuring flow there are two things to keep in mind. Consider measuring flow first
in order to delay collection of chemical and biological water samples with limited holding
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times. If flow is measured first, take care not to deploy a multiprobe instrument or to
collect water samples in the area disturbed during flow measurement.

Exceptions to Flow-Reporting Requirements
There are two exceptions to the flow-reporting requirements:

No flow and pools. If there is no flow at a stream site, and accessible, isolated pools
remain in the stream bed, collect and report the required field data and laboratory samples
from the pools and report instantaneous flow. Under these conditions, report flow (ft%/s)
as zero (parameter code 00061 = 0.0). The reported flow severity value should be 1
(parameter code 01351 = 1). Pools may represent natural low-flow conditions in Texas
streams, and the chemistry of these pools will reveal natural background conditions.

Dry. If the stream bed holds no water, no sampling is required. Report that the stream
was “dry” in the observations and record a value of 6 (meaning ‘dry’) for flow severity
(parameter code 01351 = 6). No value is reported for flow (parameter code 00061) since
there is no water. A data record must be sent to the TCEQ central office if the site is on
the routine monitoring schedule.

Methods for Measuring Flow

Instantaneous Flow Measurement

Instantaneous flow must be measured at water quality monitoring visits to sites where
there are no nearby flow gauges. The method described in this manual is based on the
U.S. Geological Survey’s method for streamflow measurement (Rantz 1982).

Equipment
Flow Meter
One of the following or an equivalent:

®m  Marsh-McBirney electronic meter

m  Son-Tek FlowTracker (Doppler, handheld)
Additional Equipment

m  top-setting wading rod (measured in tenths of feet)
m tape measure (with gradations every tenth of a foot)

Procedure for Measuring Flow

1. Site Selection

The key to successful flow measurement is site selection. Select a stream reach with the
following characteristics (see Figure 3.5):

m  Find a straight reach with laminar flow (parallel threads of velocity) that extends from
bank to bank. The depth and velocity should be relatively uniform. This is typically
found in unobstructed riffles, runs or glides.
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Figure 3.5. Selecting a stream reach.

m  Find an even streambed free of large rocks, weeds, and protruding obstructions that
create turbulence. Flow should be uniform and free of eddies, dead water near banks,
excessive turbulence, and aquatic vegetation.

m  Avoid measuring flow in areas with back eddies. However, this cannot always be
avoided. Measure the negative flows in areas with back eddies. Include these negative
values in the final flow calculation.

2. Recording Flow Data

Record the following information on a flow measurement form:

the station location and 1D

the date

the time the measurement is initiated and ended

the names of persons measuring flow

the total stream width and the width of each measurement section

m the midpoint, section depth, and flow velocity for each cross-section

See Tables 3.3 to 3.5 for examples of completed flow-measurement forms. See Table 3.6
for a blank form.

3. Cross-Section Profile

Stretch the measuring tape across the stream at right angles to the direction of flow. When
an electronic flow meter is used, the tape does not have to be exactly perpendicular to the
bank (direction of flow). If necessary, on smaller, low-flow streams, the cross-section can
be modified—Dby building dikes to cut off dead water and shallow flows and removing
rocks, weeds, and debris in the reach of stream 1 to 2 meters upstream from the
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measurement cross-section. After modifying a streambed, allow the flow to stabilize
before starting the measurement.

4. Measuring the Stream Width
Measure and record the stream width between the points where the tape is stretched
(water’s edge to water’s edge). See Figure 3.6.

5. Determining the Number of Flow Cross-Sections

Determine the spacing and location of flow measurement cross-sections. Some judgment
is required, depending on the shape of the streambed. Measurements must represent the
velocity within the cross-section. Fewer measurements are needed if the stream banks are
straight, the depth nearly constant, the bottom free of large obstructions, and the flow
homogeneous over a large section. Flow-measurement sections should be of equal width,
unless an obstacle or other obstruction prevents an accurate velocity measurement at that
point. No single cross-section should have more than 10 percent of the total flow.
Take the majority of flow measurements in cross-sections of equal width; they will be a
constant value in the flow calculation.

Stream width less than 5 feet. If the stream width is less than 5 feet, cross-section widths
are 0.5 ft. See Table 3.5.

Stream width greater than 5 feet but less than or equal to 10 feet. If the stream is wider
than 5 ft, the minimum number of cross-sections is 10.

Stream width greater than 10 feet. If the stream is wider than 10 ft, the preferred number
of cross-sections is 20 to 30.

Note: Figures 3.6 through 3.15 illustrate an example using a stream that is 10 feet wide.

6. Determining the Midpoint of the Cross-Section
Divide the cross-section width in half to find the midpoint of the cross-section (see
Figure 3.7).

Stretch a measuring tape across the width of

Left Bank Lz =t Right Bank

| Total Stream Width= 10%t |

[ww ]
T T O T O OO
—
Left Bank/Right Bank Orientation is :
determined by facing downstream. The tape is markedin 0.10 foot g
increments. ——
1

Figure 3.6. Measuring the stream width.
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Figure 3.7. Determining the midpoint of the cross-section.

7. Determining the Cross-Section Depth
Using a top-setting wading rod measure the depth at the midpoint of the first cross-
section and record to the nearest 0.01 ft. See Figure 3.8.

Measure the total depth at each cross-section with the depth gauge rod. Each single
mark represents 0.10 ft; each double mark, 0.50 ft; and each triple mark, 1.00 ft (see

Figure 3.9).

8. Adjusting the Sensor Depth at a Cross-Section
Adjust the position of the sensor to the correct depth at each midpoint. The top setting
wading rod is designed so the user to can easily set the sensor at 20, 60, and 80 percent

of the total depth. See Figure 3.10.

Left Bank ‘ Measure the depth at the midpoint of each cross-section ‘ | Right Bank |

| TotalStreamWidth=10ft |

[o.0¢ | [nos | [2ofr | [[soor |[ wonr | [ 500 |[ ecorr |[ 708 | [ s0pr H 9.0t |[ 10.0fr
[T

Depth=1.4 ft

Depth=2.7 ft
Measured Water Depths

Figure 3.8. Measuring the depth at each midpoint.

For depths <2.5 feet. If the depth is 2.5 ft or less, only one velocity measurement is
required at each cross-section. To set the sensor at 60 percent of the depth, simply line up
the foot scale on the sliding rod with the tenth scale, located at the top of the depth gauge
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rod. If, for example, the total depth is 1.4 ft, then line up the 1 on the feet scale with the 4
on the tenths scale. See Figure 3.11.

]
~—

/" Each double line = 0.50 ft

/’ Each single line = 0.10 ft

0.5 ft ?

1.5 ft
—— | WaterDepthat D= 1.4 ft

1.0 ft

[ ——1®Each triple line = 1.0 ft

7 o

Figure 3.9. Measuring the depth using a top-setting wading rod.

A 11
0.7FT—_® 2FT
“
TENTH SCALE / A2
1. SLIDING ROD
I / FT SCALE
&
k1
20% I
DEPTH
4
60%
DEPTH
80%
DEPTH
27FT —
TOTAL i
I DEPTH
DEFTH SENSOR 1 GAUGE
_y i ROD
Y

Figure 3.10. Top-setting wading rod.

For depths > 2.5 feet. If the depth is greater than 2.5 ft, take two velocity measurements, at
20 and 80 percent of the total depth. Never set the wading rod at the actual depth. In this
case, it would not be set at 2.7 ft.

m 20 percent of the depth. Multiply the total depth by 2. If the total depth is 2.7 ft, the
rod would be set at 5.4 ft (2.7 x 2). Line up the 5 on the sliding rod with the 4 on the
tenths scale (Figure 3.12). Take a velocity measurement.
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m 80 percent of the depth. To set the sensor at 80 percent of the depth, divide the total
depth by two. For example, the total depth is 2.7 ft and the rod is set at 1.35 ft (2.7 /2).
Line up the 1 on the sliding rod between the 3 and 4 on the tenths scale (Figure 3.12).
Take a velocity measurement. The average of the two velocity measurements is used in
the flow calculation.

’ Water Depth = 1.4 ft ‘

Button thatreleases and
| — holds the sliding rod.

-t

0
8 -
Adjust the sliding rod so the 6 1:|
“1” foot mark lines up with the 4 "—{ 1ft
“4” on the tenths scale. 2
[+]
3 — -
- The Sliding Rod has lines

marked in feet (O to 8 ft)

This sets the sensor at
60 percent of the total
depth

| lY)

4

The velocity measured is used in
the flow calculation.

Figure 3.11. Setting the flow sensor at depths < 2.5 feet.

\ \
Water Depth = 2.7 ft

fiw.) fiw.) _é
o 2.7x2ft=5.41t

-

-
O ® o

] The sliding rod is set at 5.4 l:l
feet = 20 percent of the total

depth

on

- | 27/2ft=1351t -

8.
6
4
2
10
- ‘ -
1 The sliding rod is setat 1.35
i feet = 80 percent of the total
i depth i
The average of the two
velocities measured is used in
5 the flow calculation. H
I ‘ ‘ ! 4

Figure 3.12. Setting the flow sensor at depths > 2.5 feet.

| I
| S

100

9. Measuring Velocity
To measure velocity:

m  Position the flow sensor at the midpoint of the cross-section as described above in
“Adjusting the Sensor Depth at a Cross-Section” (see also Figure 3.13). Measure and
record the velocity and depth. While measuring velocity with an electronic flow meter,
keep the wading rod vertical and the flow sensor perpendicular to the tape, rather than
perpendicular to the flow.
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m  Allow the sensor to adjust to the current for a few seconds. Measure the velocity for a
minimum of 20 seconds

®  When measuring the flow by wading, stand in the position that least affects the
velocity of the water passing the current meter. Stand a minimum of 1.5 ft
downstream and off to the side of the flow sensor.

Left Bank Right Bank
< Total Stream Width = 10 ft >
[ oof | [ 1or | [ 20n | [ 30n || 4or | | sorn |[ eon || 7or | | son || son || 100m |
<[ <[ (<[ o <[ | < o <[ e[ < < e <[ ]
: A H A ‘ A A
V160% : : : V7 20%

| |

N m O
. ] ] (o] (] (&

Eddies and backwater areas often produ ce negative flows. Record
thesevalues andincludethem in thefinal flow calculation.

Figure 3.13. Measuring velocity.

10. Recording Flow

Do not round values (other than the final value) when recording flow data. For example,
if the velocity is 1.99, do not round to 2.0. Rounding each value on the worksheet will
introduce an error in the final value. Record negative velocity values. See Figure 3.14.
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Stream Width = 10 ft; Cross Section Width (W) = 1.0 ft
Cross—Section Section Section Sensor Velocity (V) Discharge (Q)
No. Midpoint Depth (D) Depth - (ft*/s)
(see Figure 3.12) (ft) (ft) ?fttfzzlcr;t ’?:t{ee::g)e Q= (W)(D)(V)
1 0.5 1.4 1.4 0.85
2 15 20 20 o0% 1.0
3 2.5 1.9 1.9 1.3
4 3.5 22 22 1.7
5 45 21 2.1 20% 18
6 55 25 2.5/ 1.8
7 6.5 2.7 5.4 1.8 1.9
1.35 20
7.5 1.7 " 80% 1.1
9 8.5 1.0 1.0 0.75
10 9.5 0.5 0.5 -0.45

Figure 3.14. Recording flow data.

11. Calculating Flow
After measuring and recording the velocity and depth at each cross-section, follow these
steps to calculate flow:

Calculate flow at each cross-section by multiplying the width (W) x depth (D) x velocity
(V) to determine flow in cubic feet per second (cfs or ft*/sec). See Figure 3.15.

Q = Total Flow (or discharge), W = Width, D = Depth, V = Velocity
Q=(WyxDyxVy)+(W;y%xDy%xVy)+... (W, xDn xV,)
Left Bank Right Bank

| Total Stream Width = 10 ft
< W=1.0ft -

|\ >

0.0 ft 1.0ft 2.0ft 3.0ft 4 0ft 5.0ft 6.0ft 7.0ft 8 0ft 9.0ft 10.0f+

Wy W, Ws Wi Wis We W Wi W, Wio

> laz - - - . . laz ey - .
> € < > < > g o> - < >

>

V9 V10
Do

Vi
D.

Vz V3 V4 V5 VG V7 VS
Dz D3 D4 Ds De D7 D8

\-’\/\/\\/

Figure 3.15. Streamflow (discharge) measurement.
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= For each individual cross-section flow, do not round values. For example, if the
calculated flow for a cross-section is 1.23956, do not round. Rounding each value on
the worksheet could introduce an error in the final value.

m  After calculating the flow for each cross-section, add them together for the total
streamflow. See Figure 3.16.

Stream Width = 10 ft; Cross Section Width (W) = 1.0 ft
Section Section Sensor Velocity (V) Discharge (Q)
Midpoint Depth (D) Depth At Point Average (ft3/s)
) ) (ft/sec) (ft/sec) Q= (W)D)V)
05 1.4 1.4 0.85 1.19
15 20 20 1.0 20
25 1.9 1.9 1.3 2.47
35 2.2 22 1.7 3.74 8
4.5 21 21 1.8 3.78 g
55 25 25 1.8 45 =
6.5 2.7 54 1.8 1.9 5.13 (;3)
1.35 2.0
75 1.7 1.7 1.1 1.87
8.5 1.0 1.0 0.75 0.75
95 0.5 0.5 -0.45 -0.225
Q=25.2 cfs

Figure 3.16. Calculating streamflow (discharge).

12. What to Do with Negative Values

Do not treat cross-sections with negative flow values as zeros. Negative values obtained
from areas with back eddies should be subtracted during the summation of the flow for
a site.

13. Reporting Final Flow Values
Report instantaneous flow as follows:

m  Report values < 10 but > 0.1 cfs to the nearest tenth (for example, 9.35 to 9.4).
m  Report values > 10 cfs to the nearest whole number (for example, 20.62 to 21).

®m  Report actual values < 0.1 cfs but > 0.01 cfs. These values should not be rounded (for
example, report 0.07 as “0.07”).

m  Report flow values < 0.01 cfs as < 0.01. See Table 3.1.

Examples
See Tables 3.3, 3.4, and 3.5 for examples of completed flow-measurement forms.
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Flow-Gauging Stations

Many SWQM stations are sampled at sites where the USGS or the IBWC maintains flow-
gauging equipment. A USGS or IBWC flow-gauging station represents a quarter mile
of stream. A longer distance may apply if it can be shown that no contributions or
reductions in flow occur between the gauge and sampling station. USGS gauge stations
are statewide; IBWC gauges are located in the Rio Grande Basin. Flow data for these

gauging stations can be found on the Web—see Appendix A.

Table 3.3. Example 1: Streamflow measurement in a small stream

< 5 feet wide and < 2.5 feet deep

Streamflow Measurement
Stream: OAK CREEK Date: 5/29/2010
Station Description: Oak Creek at US Hwy 90A
Time Begin: 1545 Time End: 1630 Meter Type: Marsh-McBirney
Observers: BK/MK Total Stream Width: 5 ft Section Width (W): 0.5 ft
Observations:
Section Velocity (V) Discharge (Q)
Section Depth Sensor . (ft¥/s)
Midpoint (ft) Depth At Point Average Q=
(ft) (D) (ft) (ftfs) (ft/s) (W)(D)(V)
0.25 0.55 -0.05 -0.01375
7 . I . A1 .0444
0.75 080 Nothing is recorded in these 0 00
columns when the top-setting
1.25 085 wading rod is set at 60% of 0.27 0.11475
175 0.90 the total _depth. The yelocny 0.49 0.2205
value is recorded in the
295 110 Velocity Average” column. 0.58 0.319
2.75 1.50 0.72 0.540
3.25 1.20 0.76 0.456
3.75 0.90 0.76 0.342
4.25 0.75 0.44 0.165
4.75 0.30 -0.25 -0.0375
Total Flow (Discharge) 2.16415~ 2.2
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Table 3.4. Example 2: Streamflow measurement in a larger stream > 5 feet wide and

< 2.5 feet deep.
Streamflow Measurement

Stream: RED RIVER Date: 5/28/2010

Station Description: Post Oak Creek 40 m Below Sherman WWTP OQutfall

Time Begin: 1542 Time End: 1601 Meter Type: Marsh-McBirney

Observers: CM, EW, DO Total Stream Width: 26 ft Section Width (W): 1.3 ft

Observations:

Section Velocity (V)
Section Depth - Discharge (Q)
Midpoint (ft) Sensor Depth At(fli/(;l)nt A\(/:tl;g)ge (ft/s)
(ft) (D) (ft) Q = (W)(D)(V)
0.65 0.55 2.03 1.45145
1.95 0.40 2.04 1.0608
3.25 0.42 Nothing is recorded in these 2.02 1.10292
columns when the top-setting
4.55 0.38 wading rod is set at 60% of the 1.77 0.87438
total depth. The velocity value
5.25 0.40 is recorded in the “Velocity 1.75 0.910
Average” column.
7.15 0.42 1.93 1.05378
8.45 0.40 1.99 1.0348
9.75 0.37 1.92 0.92352
11.05 0.37 1.56 0.75036
12.35 0.43 1.32 0.73788
13.65 0.40 1.36 0.7072
14.95 0.42 1.33 0.72618
16.25 0.40 1.35 0.702
17.55 0.45 1.64 0.9594
18.85 0.48 1.70 1.0608
20.15 0.48 2.00 1.248
21.45 0.50 1.95 1.2675
22.75 0.40 2.18 1.1336
24.05 0.48 1.71 1.06704
25.35 0.50 0.60 0.390
Total Flow (Discharge) 19.16161 ~ 19.2
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Table 3.5. Example 3: Streamflow measurement in a larger stream > 5 feet wide and

> 2.5 feet deep.
Streamflow Measurement
Stream: ARROYO COLORADO Date: 6/16/2010
Station Description: Downstream of Harlingen WWTP
Time Begin: 1400 Time End: 1445 Meter Type: Marsh-McBirney
Observers: JD, CK Total Stream Width: 47.5 ft Section Width (W): 2.375 ft
Observations: Note that the starting point is at 3.5 ft on the measuring tape and not zero.
Velocity (V)
Section Section Depth Discharge (Q)
Midpoint (ft) Sensor Depth At Point Average (fe%/s)
(ft) (D) (ft) (ft/sec) (ft/sec) Q=W)[D)(V)
4.70 0.73 0.65 1.1269375
7.08 1.10 1.08 2.8215
9.45 1.85 0.90 3.954375
11.83 2.20 1.05 5.48625
14.20 2.20 1.44 7.524
16.58 2.45 1.09 6.3424375
20 5.1 1.75
18.95 2.55 80 1.27 1.76 1.76 10.659
20 5.2 1.79
21.33 2.60 80 1.3 1.32 1.56 9.633
20 5.4 1.63
23.70 2.70 80 1.35 1.26 1.45 9.298125
20 6.1 1.68
26.10 3.05 80 1.525 1.15 1.42 10.286125
20 6.2 1.23
28.48 3.10 80 1.55 0.69 0.96 7.068
20 5.8 1.22
30.85 2.90 80 1.45 0.89 1.06 7.30075
20 5.67 0.60
33.23 2.84 80 1.42 0.37 0.49 3.30505
20 5.3 0.80
35.60 2.65 80 1.325 0.21 0.51 3.2098125
20 5.3 0.85
37.98 2.65 80 1.325 0.96 0.91 5.7273125
40.35 2.20 0.28 1.463
42.73 2.30 0.16 0.874
45.10 2.05 0.51 2.4830625
47.48 1.10 0.49 1.280125
49.86 0.65 0.62 0.957125
Total Flow (Discharge) 100.8 ~ 101
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Table 3.6. Streamflow (discharge) measurement form.

Stream:

Streamflow (Discharge) Measurement Form
Date:

Station

Description:

Time Begin:
Observers:

Observations:

Time End: Meter Type:
Total Stream Width: Section Width (W):

Section
Midpoint
(ft)

Velocity (V)

Section Depth
(ft) Sensor Depth At Point Average
(D) (ft) (ft/s) (ft/s)

Flow (Q)
(ft%/s)
Q=(W)[D)(V)

m®/s x 35.3 = ft’/s

Total Flow (Discharge)

TCEQ-20117 (Rev. 04-22-2004)
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Guidelines for Using a SonTek FlowTracker (Acoustic

Doppler Velocimeter)

This section summarizes the use of the SonTek FlowTracker for flow measurement.
While this section provides information on the basic use of this instrument it does not
contain the level of detail found in the FlowTracker Handheld ADV® Operation Manual.
Periodically, check the SonTek Web site for manual and firmware upgrades (see
Appendix A). If using a similar instrument (e.g., the OTT Hydrometry Acoustic Digital
Current Meter) refer to the manufacturer’s operations manual. Follow the flow-
measurement method described in that manual.

Under appropriate conditions the FlowTracker can be used in place of electronic and
mechanical flow meters; it is also mounted on a top-setting wading rod. The same
procedures outlined for use with electronic or mechanical flow meters apply to the
FlowTracker. The main difference is that the FlowTracker records all of the data and
calculates the flow.

Note: When using the FlowTracker in saltwater, a sacrificial zinc anode should be
installed on the probe for corrosion protection.

Follow steps 1 through 9 in the preceding section, “Procedures for Measuring Flow.”

In brief, the flow-measurement site should be within a relatively straight reach. The
streambed should be relatively uniform, with few boulders, and free of debris and heavy
aquatic growth. The flow should be relatively uniform and free of eddies, slack water, and
excessive turbulence.

The stream width is measured and divided into the appropriate number of cross-sections.
For detailed information on the cross-section profile, see the preceding sections
“Measuring the Stream Width,” “Determining the Number of Flow Cross-Sections,”
“Determining the Midpoint of the Cross-Section,” “Determining the Cross-Section
Depth,” and “Adjusting the Sensor Depth at a Cross-Section.”

Getting Started with the Equipment

Hold the On/Off key for “1”” second. This will display the firmware version and the
current date and time from the internal clock (see Figure 3.17). Press Enter to display
the Main Menu.

FlowTracker 2.3
J0E1 81, 81 BR:0[0 2%
Press DBricer Key
For Main Menu

Figure 3.17. Start-up screen.

Important note: Always return to the Main Menu before turning the system off to ensure
all data are properly saved.

Setup Parameters Menu
For more detailed instructions, see the FlowTracker operations manual, Section 2.4,
“Setup Parameters Menu.”

Field Measurements 3-32 August 2012



From the Main Menu, press “1” to access the Setup Parameters Menu, which contains the
parameters that determine how the FlowTracker collects data. These parameters are
generally set once and do not need to be reset with each use (see Figure 3.18).

Main Menu
1: Setup Parameters
2: System Functions
3: Start Data Run

Figure 3.18. Main Menu screen.

Units
The output needs to be in English units. To set the units to English, press “1” from the
Setup Parameters Menu and then press “1.”

Average Time

The average time (Avg Time) specifies the amount of data to be collected at each cross-
section (Figure 3.18). Average time is specified in 1-second intervals from 10 to 100
seconds. Measure the velocity for a minimum of 40 seconds at each cross-section. Press
“2” from the Setup Parameters Menu and set the Avg Time by typing in “40” seconds.

1: Units (English)
2: Avg Time (40 s)
3: Mode (Discharge)
ENTER: More Options

Figure 3.19. Setup parameters—Average Time and Discharge Mode screen.

Data-Collection Mode

The Mode option determines the procedure for collecting at a series of cross-sections.
Flow is measured in the discharge mode. To set the Data-Collection Mode, press “3”
from the Setup Parameters Menu and press “1” for Discharge Mode (Figure 3.19).
Discharge Mode allows a sequence of measurements needed to calculated streamflow
(Figure 3.20).

Loc, Loc, Loc, Loc, Loc, Loe; Locg Loc; Loeg Loc, Loc, Loc; Locy,
. W, W, W, W, W W, W, W, W, W, W, w
™~ > > > > > > > > > > AR
\I:Deg_ Dep, | Dep, | Dep, | Dep; | Depg | Dep, | Dep; | Dep, | Dep,, D?//
Ar
rea, \l L Area,,
—— YT Area,,
T~ YT Area, ppom el ’
Area, Area, Area, SR Area, M€

Station Location = Loc;,

Station Water Depth = Dep;

Station Width = W, = (Loc,, - Loc))/2 + (Loc, - Loc,,)/2
Station Area = Area, = W, * Dep,

Mean Station Velocity =V,

Station Discharge = Q, = Area, * V,

Total Discharge = Sum(Q,)

Figure 3.20. Streamflow-measurement method.
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Salinity
Since salinity affects the speed of sound, FlowTracker uses a constant to measure
velocity. Freshwater has a salinity of “0,” which is the default salinity-parameter setting.

System Functions Menu

The System Functions menu provides access to items that should be checked periodically,
but are not directly related to data collection. To view the menu, press “2” on the Main
Menu screen (see Figure 3.17). For additional information, refer to the FlowTracker
operation manual, Section 2.5. Figure 3.21 gives a list of system functions.

lsWieyw DeEits Tils 7:Auto QC Test

2 -"RPocoede s Skhadbbs 8:Show Config
3:Format Recorder 9:5et System Clock
==l or Enit=r=lUsEs DERBssitl= il Finl=cs —Meime:

4:Temperature Data

T EESitiEEEy [DEIEE

6:Raw Velocity Data
0O=Exit or Enter=More

Figure 3.21. System Function screens.

Starting Data Collection in the Discharge Mode
The following steps describe the data collection sequence in Discharge Mode. For more
detailed information, refer to the FlowTracker operation manual, Section 5.3.

1. Venting the Handheld Controller

The FlowTracker is completely sealed, which can cause problems. Changes in
temperature or barometric pressure can result in a difference between the device’s internal
pressure and atmospheric pressure that can affect the keypad and operating system. To
avoid those problems, the handheld controller must be vented before every data-
collection run.

To vent the keypad, loosen the small silver cap next to the communication cable. The
pressure will equalize in a few seconds. When finished, tighten the cap. When storing or
shipping a handheld controller, leave the silver cap loose to let the system acclimate to
pressure changes.

Keypad
For detailed information on the keypad functions, refer to the FlowTracker operation
manual, Section 2.2. Figure 3.22 depicts the keypad for Firmware version 3.0 or higher.

Figure 3.22. FlowTracker keypad.
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2. Entering the Data File Name

From the Main Menu, press “3” to Start Data Run. This will display the Data File Name
menu. Press “1” to enter a file name. This is required. The file, a maximum of 8
characters, can be either letters or numbers. For example, use the Station ID 13208 (see
Figure 3.23).

Data File Name
1l: Name (none)
2: Extension (none)
9: Accept name

Figure 3.23. Data File Name menu.

To enter a number, simply type it. To enter a letter, type the number on the key pad and
use the ABC+ and ABC- keys to scroll through the alphabet (see Figure 3.22). After the
letter is displayed, type any number to enter the next letter and continue to use the ABC
keys. Press Enter to complete the file name, which will appear in parentheses on the
screen. Press “9” to Accept Name when ready to start data collection. The next screen will
display starting gauge information.

3. Staff and Gauge Height

A menu allowing for entry of staff and gauge height will be displayed after you have
entered the data file name. Staff and gauge height values can be entered by pressing “1”
and “4,” respectively (see Figure 3.24). These values are used to document the data set
but have no effect on operation; they are optional. When ready, press Next Station

to continue.

: Staff Ht 0.00
: Gauge Ht 0.00
: Rated Q 0.00

1
4
7
Next Stn When Ready

Figure 3.24. Staff and Gauge Height menu.

4. Set the Starting Edge

Next, set the starting-edge information. When Next Station is pressed in the previous step
the Starting Edge screen will be displayed (Figure 3.25). On the keypad (Figure 3.22),
press the Set Location key to set the starting edge of the water, Loc (see Figure 3.22). This
is usually zero and will also be station zero (Stn 0). Press the Set Depth key to set the
starting edge of the water depth, Dep, also usually zero. Next, press either the LEW or
REW key.

The LEW (left edge of water) and REW (right edge of water) keys are used to specify the
starting or ending edge of the water. LEW and REW are used to document the data set
and have no impact on calculations. Do not press Measure at Station 0, the starting edge.
When done, press Next Station to continue. The starting-edge information is complete.

5. Set Location
The next screen (Figure 3.26) will allow entry of the station information. Press Set
Location to set the first station location, Loc 1. The first location (Loc 1, Stn 1) will be
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the midpoint of the first cross-section and is based on the stream width and the number of
flow cross-sections. See above, “Determining the Number of Flow Cross-Sections” and
“Determining the Midpoint of the Cross-Section.” For example, if the cross-section width
is 1.0 ft and the midpoint of the cross-section is 0.5 ft, set the first location (Loc 1, Stn 1)
at 0.5 ft.

Starting Edge
Loc 0.00 Dep 0.00
LEW CF 1.00

Next/Prev Stn Key

Figure 3.25. Starting Edge screen.

6. Set Depth

Press Set Depth to set the water depth. Input the depth of the water column of Stn 1 as
measured with the top-setting wading rod, then press Enter. See above, “Determining the
Cross-Section Depth,” for additional information.

Stn 1 Mthd .6éD
Loc 0.00 Dep 0.00
MDep .6D

Press Meas

Figure 3.26. Set Location screen.

7. Method Selection

After pressing Set Depth, you must select a method for determining velocity. The
FlowTracker allows you to choose among several methods. These two methods are
described above in “Methods for Measuring Flow.”

m The single-point method measures velocity at 60 percent of the total depth, Mthd .6D.
This method used when the water depth at a cross-section is less than 2.5 ft.

m The two-point method measures the velocity at 20 and 80 percent of the total depth,
Mthd 2/8. The method needs to be changed when the depth at a cross-section is
greater than 2.5 ft. When this method is used, the system requires two measurements
before advancing to the next station.

m  Once a method is selected, it will be retained by the system unless changed by
the user.

For information on using the top-setting wading rod to set the correct sensor depth, see
above, “Adjusting the Sensor Depth.”

On the keypad (Figure 3.22), scroll through the methods using the Toggle Method+ and
Toggle Method-— keys. The method selected will appear on the Station Information screen
(Figure 3.25). Keep in mind that the method will need to be switched between Mthd .6D
to Mthd 2/8 when the depth is greater or less than 2.5 ft.

8. Measuring Velocity
After correctly setting the station information and setting the probe at the correct depth,
press Measure to start the collection of water velocity data.
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9. Review Quality-Control Indicators

Review QC indicators and decide whether to accept the station velocity measurement, or
the repeat measurement after modifying stream conditions or sensor placement. QC
indicators are discussed at length in “Quality-Control Indicators,” below.

10. Completing the Station

Press “1” to accept the measurement and move on to the next cross-section, or press “2”
to repeat the measurement. See Section 5.3 of the FlowTracker Operations Manual for
additional information on deleting or repeating a station.

11. Next Station
When a station is complete, the FlowTracker displays the next station. It predicts
location, depth, and measurement method for the new station based on the previous input.

At the next station, measure and enter the new depth and station location, then reset the
method if necessary. Once the station location increments have been entered twice, the
FlowTracker will automatically predict the correct location for the next station. If
incorrect, the user should set the location manually. Press Measure to start the collection
of water velocity data. Repeat this procedure until you have completed all of the cross-
sections. Remember to review the QC indicators before moving on to the next station.

Note: At the second location, Loc 2, Stn 2, change the width so that the rest of the
measurements are done at the correct cross-section width. This change is made after
finishing at Loc 1, Stn 1. At Loc 2, Stn 2, press Set Location and enter the value of the
midpoint plus the cross-section width. For example, if the cross-section width is 1.0 ft
and the first midpoint is 0.5 ft, enter 1.5 ft. Remember, when this measurement is
accepted the FlowTracker will automatically start using 1.0 ft widths.

12. Set the Ending Edge

Press the End Section key when all stations are complete. This activates the Ending-Edge
Screen. Enter the ending-edge information. On the keypad, press the Set Location key to
set the ending edge of the water. Press the Set Depth key to set the ending edge of the
water depth, Dep. Next, press either the LEW or REW key, depending on which key you
pressed at the starting edge of the water.

Next, press Calc Disch to complete the discharge calculation and close the file. After
final discharge calculations are complete, five data screens are available (Figure 3.26).
Press Enter to move between the five screens. When finished viewing the summary data,
press “9” to exit and return to the main menu. Hold the On/Off key for “1” second.

13. Calculate Discharge

Next, press Calc Disch to complete the discharge calculation and close file. After final
discharge calculations are complete, five data screens are available (Figure 3.27). Press
Enter to move between the five screens. When finished viewing the summary data, press
“9” to exit and return to the main menu. Hold the On/Off key for “1” second.

Important note: Turning off the FlowTracker from any page other than the Main Menu
will cause data loss. Always return to the Main Menu before powering down.

Quality-Control Indicators
The following indicators should not be considered QC criteria but rather information to
assist the user in placement of the sensor and identifying existing stream conditions that
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may decrease the FlowTracker’s ability to measure velocity. When out of range, the user
should modify the probe placement or stream conditions to improve values prior to
accepting the measurement. If corrective action does not improve the indicator value, the
user may look for a more suitable location for flow measurement and start over, or accept
the values if no better option is available.

File: SITE100.002 File: SITE100.002
Mode: DISCHARGE TotalQ: 15.653 cfs
2002/06/20 10:02:03 RatedQ: 16.200 cfs
9=Exit or Enter=More 9=Exit or Enter=More
Num Stations 27 Wwidth 23.0 ft

Mean V 1.43 ft/s Area 47.3 ft"2

Max V 2.21 ft/s Max Depth 2.50 ft
9=Exit or Enter=More 9=Exit or Enter=More

Mean SNR 16.5 dB

Mean oV 0.05 ft/s
Boundary BEST
9=Exit or Enter=More

Figure 3.27. Final Discharge Measurement screens.

The first QC indicator, associated with the position of the flow sensor relative to the
direction of streamflow, is Flow Angle. The ideal measurement occurs when the flow is
perpendicular to the measuring tape. A flow angle measurement of 0° means the flow is
perpendicular; any angle less than 20° will yield reliable results. Try to position the probe
perpendicular to the measuring tape. Keep in mind that a flow angle < 20° may not
always be possible (Figure 3.28).

Graduated Tag Line
Primary Flow
Y Direction
L e eeeememee g APling
Probe .--7 Volume

Coordinate System
Pin
Figure 3.28. FlowTracker probe orientation relative to streamflow.

While a measurement is being made, an updating display shows the velocity and signal-
to-noise ratio (SNR) (Figure 3.29). For best operating conditions the SNR should be
greater than 10 decibels. The FlowTracker will display a warning at the end of the
measurement if the SNR is less than 4 dB. A low SNR indicates a lack of suspended
material in the water. A low SNR can be improved by stirring the sediment upstream of
the flow-measurement point.
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Loc 2.00 MDep .6D
Vel (ft/s) 0.00
SNR (dB) 0.0
Time (sec) 19

Figure 3.29. Updating-display screen.

When the velocity measurement is complete, a summary of velocity and quality control
data is displayed (see Figure 3.30). In addition to SNR and Flow Angle a standard error
of velocity (aV) is calculated as an accuracy measure of the velocity data, based on the
variability of individual velocities measured during the averaging time.

Vel 2.25 oV 0.04

Ang 5° SNR 15.1
Spikes 0 Bnd BEST
1: Accept 2: Repeat

Figure 3.30. Velocity and QC Data screen.

Boundary adjustment or Boundary QC is an indicator of interference from underwater
objects. The FlowTracker works best away from underwater obstructions. Select a site
free of large objects. The FlowTracker records changes required to avoid acoustic
interference as Boundary QC or Bnd (see Figure 3.30). Boundary QC describes the effect
(if any) of boundary adjustments on the system’s performance—automatically determined
by the FlowTracker and quantitatively reported as (0) Best, (1) Good, (2) Fair, or (3)
Poor. The most common are Best and Good. If Boundary QC is Fair or Poor, attempt to
move away from any instream obstruction.

Spikes are unusually high velocity measurements compared to the average, usually the
result of large particles or bubbles. A spike measurement is determined automatically and
filtered from the data set by the FlowTracker. The number of spikes, typically 0 or 1, is
displayed on the Velocity and QC Data Screen (see Figure 3.30).

For more details, refer to Section 1.4 of the FlowTracker operations manual.

FlowTracker Software

Software is used to start programs for all major FlowTracker functions. The most
commonly used applications are SonUtils for downloading data and FlowTracker for
viewing binary data. Instructions on downloading data using FlowTracker software are
provided below. The user may refer to the FlowTracker operations manual for guidance
regarding SonUtils. For more details, see Sections 6.0 to 6.4 of the manual. Links to the
FlowTracker user manuals are available in the software.

Downloading Data Files
To download data files:

m Connect the power-communication cable from the FlowTracker to COML1 of the PC.

m Itis not necessary to turn the FlowTracker on manually (using the keypad) to
download data via the PC; however, batteries must be installed.
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m Start the FlowTracker software by clicking on the desktop icon or via Start |
Programs | SonTek Software | FlowTracker.

m From the FlowTracker Main Screen (Figure 3.31), click the Connect to a
FlowTracker icon to establish communication with the FlowTracker and retrieve the
recorder directory. Establishing the connection may take a few minutes. Once the
device is connected, the keypad will display “FlowTracker Under External Control.”

m Use the Recorder button to locate the file to be downloaded from the FlowTracker,
and browse to the location on the PC (Download File Directory Location ) where you
want to save the file (*.WAD). The Recorder becomes available once the PC is
successfully connected to a FlowTracker.

m Select one or more files from the download recorder directory (see Figure 3. 31).

m Click Download to retrieve the files from the FlowTracker and download them to the
PC. The downloaded files will have the file extension *.WAD.

For detailed instructions, see Section 6.4 of the FlowTracker operation manual.

All the tools you need to work with the FlowTracker.

Select one of these actions:

Open a FlowTracker file

2

Open many FlowTracker files/folders

The current export settings are:
W Show Discharge Summary Report
¥ Export ASCII Discharge file (DIS)
W Export ASCII Contral file (CTL)
[ Export ASCII Summary file (SUM)
W Export ASCII Data file (DAT)
¥ Export FlowPack file (FPX)
¥ Put Headers on ASCII files

Q-Ccnnect to & FlowTracker

To download data and run diagnostics

D’”Prc ram Settings
IZ- uality Control Settings

u/’ Show User's Manual

! Showe Technical Manual

@' Show Quick Start

~!,J About FlowTracker

E& English =

A Y5 Environmenlal Campany

Figure 3.31. FlowTracker main screen.
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View Data Reports

FlowTracker files are recorded in a compact binary format. To assess these reports
FlowTracker software is used to view the information in the *.WAD file. After
downloading data from the FlowTracker open the *.WAD file using the following steps:

m Start the FlowTracker software by clicking on the desktop icon or via Start |
Programs | SonTek Software | FlowTracker.

m From the FlowTracker main menu, click the Program Settings button to specify
output in English Units and the file download directory—typically the Same
Directory as Data File (see Figure 3.32). Specifying the directory is optional, and
only used if you intend to download to the same directory every time.

m Click the Open a FlowTracker File button to navigate to the *.WAD file. Click Open
once the file is selected.

m  Once selected and opened, the * WAD file will load in a few moments.

M Propram . Settines v,
_— 0PRSS eI RS

™ English Units
* Metric Units

1+ Export files to the same directory as the data file
" Export files to fixed directory: | Cii\SonData Browse

Select an image file that will be used as the logo in the report header
Note: Images are recommended to be no more than 500 pixels wide by 100 pixels high.

Select Language |English ﬂ

Ok Cancel

Figure 3.32. FlowExporter options window.

m FlowTracker processes information in the *.\WAD file and generates various output
reports;
o Discharge Measurement Summary (see Figure 3.33)
o Quality Control Summary (see Figures 3.34)

m  All output reports can be loaded onto the screen. It is possible to copy and paste the
report information into Notepad or Excel. You may also print or save the reports as
a PDF for your records.

m Press Disconnect when finished.

m For more detailed instructions, refer to Section 6.5 of the FlowTracker
operation manual.

Field Measurements 3-41 August 2012



Data Retention
The downloaded files are saved for QA purposes under the same retention schedule
specified for other field data records. Make a note of the file names in the field record for

that sampling.

Discharge Measurement Summary

%

Date Generated: Fri Aug 25 2006

File Information Site Details
File Mame DemoData.ward Site Name
Start Date and Time 2001/08/15 12:58:16 Operator(s)
System Information Units (Metric Units)
Sensor Type FlowTracker | | Distance m Category
Serlal # P63 Welocity mfs Accuracy 1.0%  1.0%)
CPU Firmware Version 20 Area m~2 Depth 0.1%, 1.2%)
195 Discharge mo3s Velocity T 05% 1.6%
Width 0.1% 0.1%
Summary Methad 1.6% -
Averagng Int. 40 # Stations 25
Start Edge LEW Total Width 73,762 # Stations
Mean ShR 24308 Totdl Area 31111 Dvetall
Mean Termp 27.12°C Mean Depth 0.422
Disch. Equation Mid-Section  Mean Velocity 0.2783
Total Discharge 8.6585

Measurement Results

St | Clock | Loc | Method | Depth | %Dep | MeasD | Vel CorrFact | Mean¥ | Area | Flow %0
0 12:58)  3.05) None  0.000 0.0 0.000  0.0000 1.00 0.0000, 0.000 0.0000 0.0f
1 6.10) 0.6  0.186 0.6 0074 0.2264 1.00] 0.2264) 0567 0.1263 1.5
2| 9.14| 0.6 0.305 0.6 0.122]  0.2748 1.00 02746 0929 0.2553 2.9
3 12.19 0.6 0433 0.6 0173  0.3781 1.00 _0.3781] 1319  0.4988 5.3
4 15.24| 0.6 0.518 0.6 0.207  0.4307 1.00, 0.4307 1.579 0.6801 7.9
5 18.29 0.6 ﬂ.ﬂ' 0.6 019 0.4748 1.00] 0.4748 149 07101 8.2
& 21.34 0.6  0.515 0.6 0.206 0.3789 1.000 03789 1570 0.5%49 6.9
7 24.38 06  0.619) 0.6 0.247| 0.2571 1,00 0.2571] 1886 0.4848 5.6
8 27.43 0.6 0710 0.6 0.284  0.2429 1.00]  0.2479 2.164  0.5257 6.1
9 30,48 0.6 0.680 0.6 0272  0.2553 1.00] 0.2553 2072 0.5289 6.1

10 33.53 0.6 0.671 0.6 0268  0.2436) 1.00]  0.2436 2,044 0.4978 5.7
L] 36.58) 06 0.640) 0.6 0256/ 0.2644 1.00] 0.2644] 1951 0.5158 6.0|
12] 39.62 0.6 0.607 0.6 0243 0.3181 1.00] 0.3151 1.849 0.5880 6.3
13] 42,67 0.6 0.509 0.6 0204 0.3704 1.00] 0.3704] 1551 0.5747 6.8
14 13:14] 45.72 0.6  0.451) 0.6 0,180,  0.3675 1,00, 0.367s| 1,375 0.50S3 5.8
15 13:15) 48.77| 06 0.372 0.6 01499  0.3421 100 0.3421] 1.133 0.3877] 4.5
16| 13:16] 51.62 0.6 0.317 0.6 0.127] 0.2935 1.00, 0.2935 0.966 0.2635 3.3
17| 13:18] 54.8§] 0.6 0.271 0.6 0,108 0.2303 1.00 0.2303 0,827 0.1904 2.2
18 57.91 0.6  0.256| 0.6 0.102,  0.1952 1,00, 0.1952 0.780 0.1523 1.8
19 60.96 0.6 0.259 0.6 0104 0.1314 1.00| 0.1314 0.789 0.1037 1.2]
20 &4.01| 0.6 0.293 0.6 0.117, 0.1193 1.00 0.1193 0.852 0.1064 1.2}
21| 67.06 0.6 0.351 0.6 0,140 0.119% 1.00 0,119 1,068 0.1278 1.5
22| 13:23 70.10| 0.6 0.421) 0.6 0.168  0.1147 1.00, 0.1147 1.282 0.1470 1.7
23| 1325 73.d5| 0.6 0.305] 0.6 @122 0.0696 100 0.06%| 1.022| 6.0711| 0.8
24 13:25| 76.81 Mone|__0.000) 0.0 0.000  0.0000 1.00 0.0000 0.000 0.0000 0.0f

ows in ikabcs indicate a QC waming, See the Quality C of this report for mor

Figure 3.33. Discharge Measurement Summary report.

= B <5.0%
— B3 5.0-10.0%
g & = 10.0%
@
2
i
b4
@
[=}
oz
0
10 20 30 40 50 60 70
Location (m)
0.5
0.4
z
£ o3
z
3 02
< o
E
. T T T T
0.0 T
10 20 30 40 s0 60 70
Location (m)
B
£l
=
o
a
10 20 30 40 50 60 70
Location (m)
Quality Control |
st Loc %Dep Message |
z3 73,15 0.6_High angle: 27 l

Figure 3.34. Quality Control Summary report.
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Portable Cutthroat Flume

A portable stainless steel cutthroat flume can be used to measure flow in very narrow and
shallow streams where flow meters are not effective (see Figure 3.35). In general, this
method channels all of the flow through the flume and a measurement is made from a
staff gauge. The staff gauge value is converted to a flow value (ft*/s) using a cutthroat-
flume table (see Table 3.7). A cutthroat flume is used in situations where the expected
flow is less than 2 ft*/s and the maximum flow through the flume is 0.74 ft. The throat

of the flume can be adjusted to widths of 1, 2, 4, or 8 in depending on the expected flow.
For routine monitoring, the 2 in and 4 in widths are generally the most appropriate (see
Figure 3.35).

- "5 o - N,
- | Back . " . 2 MRy
§ 3 » Bt 2

. ! ’ 2”or4” Throat | Jios @ . ,j?'

e R R

’ Y g Z
= § 5
Substrate “Seal” Staff Gauge j
S 3

.-kﬂ

1% to 2 Times
Front
Width

Water

Flow
——

Throat
Width

Figure 3.36. Top view of the cutthroat flume (Baski, Inc.).

Cutthroat-Flume Method
m Find an area where all of the streamflow can be diverted through the flume neck.

m Set the flume firmly on the stream bottom. Make sure the flume is level from side to
side and front to back.

Use a bubble level to determine if the instrument is level on the stream bottom.

Extend the 19-inch wing walls out as far as possible blocking any flow (see
Figure 3.36).
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m Create a dam behind the wing walls with substrate material, preferably clay. This
helps to keep all of the flow diverted through the flume, increasing the accuracy of the
measurement.

m Read the measurement off the staff gauge—mounted on the inside of the flume wall,
marked in hundredths of a foot, it measures the amount of water passing through the
flume.

m Record the measurement off the staff gauge and convert it to cfs using Table 3.7.
Table 3.7. Cutthroat-flume flow conversion.

Gauge
Gauge Height

Height (ft) 2in 4in (ft) 2in 4in
0.01 0.000102 | 0.000208 0.38 0.147 0.300
0.02 0.000408 | 0.000832 0.39 0.155 0.316
0.03 0.000918 0.00187 0.40 0.163 0.333
0.04 0.00163 0.00333 0.41 0.171 0.350
0.05 0.00250 0.0052 0.42 0.180 0.367
0.06 0.00367 0.00749 0.43 0.189 0.385
0.07 0.005 0.0102 0.44 0.197 0.403
0.08 0.00653 0.0133 0.45 0.207 0.421
0.09 0.00826 0.0168 0.46 0.216 0.440
0.10 0.0102 0.0208 0.47 0.225 0.459
0.11 0.0123 0.0252 0.48 0.235 0.479
0.12 0.0147 0.030 0.49 0.245 0.499
0.13 0.0172 0.0352 0.50 0.255 0.520
0.14 0.0200 0.0408 0.51 0.265 0.541
0.15 0.0229 0.0468 0.52 0.276 0.562
0.16 0.0261 0.0532 0.53 0.287 0.584
0.17 0.0295 0.0601 0.54 0.297 0.607
0.18 0.033 0.0674 0.55 0.309 0.629
0.19 0.0368 0.0751 0.56 0.320 0.652
0.20 0.0408 0.0832 0.57 0.331 0.676
0.21 0.045 0.0917 0.58 0.343 0.700
0.22 0.0494 0.101 0.59 0.355 0.724
0.23 0.054 0.110 0.60 0.367 0.749
0.24 0.0588 0.120 0.61 0.380 0.774
0.25 0.0638 0.130 0.62 0.392 0.800
0.26 0.069 0.141 0.63 0.405 0.826
0.27 0.0744 0.152 0.64 0.418 0.852
0.28 0.080 0.163 0.65 0.431 0.879
0.29 0.0858 0.175 0.66 0.444 0.906
0.30 0.0918 0.187 0.67 0.458 0.934
0.31 0.098 0.200 0.68 0.472 0.962
0.32 0.104 0.213 0.69 0.486 0.990
0.33 0.111 0.227 0.70 0.500 1.02
0.34 0.118 0.240 0.71 0.514 1.05
0.35 0.125 0.255 0.72 0.529 1.08
0.36 0.132 0.270 0.73 0.544 1.11
0.37 0.140 0.285 0.74 0.559 1.14
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Flow Estimate (ft*/s)

Parameter Code 74069

Flow-estimate data may be used for a non-tidally influenced stream. Flow estimates are
generally subjective measurements based on the ability of experienced field staffers to
estimate distances, depths, and velocities. Never use estimated flow in place of measured
flow for baseline SWQM stations, in biological assessments, or for other regulatory
sampling. The TCEQ evaluates alternative methods for estimating flow case by case.

How to Estimate Flow
m Choose a reach of the stream where it is possible to estimate its cross-section and
velocity.

Estimate the stream width (ft) at that reach and record the estimate.
Estimate the average stream depth (ft) at that reach and record the estimate.

Estimate stream velocity (ft/s) at that reach and record. A good method is to time the
travel of a piece of floating debris. To use this method from a bridge, measure its
width. Have one person drop a floating object (that can be distinguished from other
floating material) at the upstream side of the bridge and say, “Start.” The person on
the downstream side of the bridge stops the clock when the floating object reaches the
downstream side. Divide the bridge width by the number of seconds to calculate the
velocity. The velocity can be measured at multiple locations along the bridge, and
those velocities averaged. If you are doing this alone, watch out for road traffic.

m  Multiply stream width (ft) by average stream depth (ft) to determine the cross-
sectional area (ft), which, when multiplied by the stream velocity (ft/s) and a
correction constant, gives an estimated flow (ft*/s).

Example: The stream width was around 15 ft. It appeared the average depth on this
reach was about 0.75 ft. The sampler timed a piece of floating debris as it moved a
distance of 10 ft in 25 seconds (= 2.5 ft/sec) downstream over the reach. An estimated
flow with a smooth bottom was calculated, using the following formula:

width x depth x velocity x A (correction factor) = estimated flow
15 ft (width) x 0.75 ft (depth) x 2.5 ft/s (velocity) x 0.9 =25 ft*/s (cfs)
A is a correction constant: 0.8 for rough bottom and 0.9 for smooth bottom

Experienced field personnel are able to estimate flow to within 20 percent of actual flow
values less than 50 ft*/s. The best way to develop this skill is to practice estimating flow
before making measurements at all monitoring visits to nontidally influenced flowing
streams. Then compare estimated flows with those obtained from USGS gauges or from
instantaneous flow measurements.

Estimating Flow from a Staff Gauge

At routine sampling sites on wadeable streams, it is often useful to establish a staff gauge.
This will enable the creation of a flowchart (rating curve) after a number of visits. Flow
charts are useful because they can display a lot of information in a concise format. They
are inexpensive to establish and only require four or five visits at different flow severities
in order to establish a representative graph.

Purchase a standard staff gauge from a vendor (for example, Ben Meadows or Forestry
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Supply) or a more inexpensive T-post from any hardware or farm supply store. Place the
gauge on a permanent structure, such as a tree or piling in the water or on the bank (see
Figure 3.37). The staff gauge must be placed in an area with laminar flow. Avoid
backwater areas, eddy pools, and areas with uneven flow (riffles).

It is best to establish the gauge during low-water conditions so the zero point can be
located on the bottom of the streambed, or at the lowest expected flow. If flow falls below
the zero point, it is possible to estimate the distance to the water surface below the zero
point with a ruler, and graph negative numbers. Once the staff gauge is installed, take a
minimum of four instantaneous flow measurements according to SWQM procedures. The
water depth on the established staff gauge (gauge height) must be recorded each time an
instantaneous flow measurement is made. By plotting four to 10 instantaneous flow
values (along the y-axis) versus gauge height (x-axis), a flow chart or rating curve can be
developed. The rating curve allows instantaneous flow to be determined by simply
reading the gauge height and identifying the associated instantaneous-flow value from the
curve (Figures 3.38, 3.39).

Figure 3.37. Staff gauge.

Enter data into Excel where it can be graphed after several different flow measurements
have been taken. Figure 3.38 is an example of a site where the gauge was established
during low flow and then a subsequent measurement was made when the stream became
intermittent with perennial pool-flow severity.

The two graphs in Figures 3.38 and 3.39 were created in Excel using the “scatter plot
with smoothed line” option. In order to have the line drawn between the individual points,
it is necessary to hide all the staff-gauge readings (for example, in Figure 3.38, 0.3 to 0.8)
that do not have instantaneous flow values associated with them. These values can be
reinserted by clicking on the x-axis, then right-clicking the mouse and choosing “format
axis,” then “scale.”

Once a flow graph has become established at a site, it is possible to get an accurate flow
estimate on a given day without actually measuring flow. The estimate is made by getting
a staff gauge reading and interpolating flow from the graph. The most accurate flow
estimates are those that fall between the lowest and highest measured flow values. It is
possible to extrapolate the graph beyond the last measurement, but note that, once flow
goes beyond bank-full stage, the graph changes character and the estimates are less
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accurate. Flow graphs work best at sites with similar left and right bank angles. They
do not work well at locations with low bank angles (for example, less than 20°).

Note: Every rating curve is unique. Some remain very stable over time while others
change. For example, high flow events may alter upstream channel characteristics. After
several readings fail to fall on the curve, it may be time to revise the rating curve by
dropping some older readings.

Flow values determined based on rating curves derived from four to 10 instantaneous
flow measurements are reported as flow estimates (parameter code 74069). By
establishing a staff-gauge using a larger number of instantaneous flow measurements (for
example, 10 to 20) and calculating a statistically significant regression, it is possible to
report a flow value based on gauge height as a measured value (parameter code 00061).

Flow Graph: Neches @ SH294
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Figure 3.38. Staff gauge established at low flow.
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Figure 3.39. Flow graph.

Field Measurements 3-48 August 2012



CHAPTER 4
COLLECTING AND ANALYZING
BACTERIOLOGICAL SAMPLES

National Environmental Laboratory Accreditation
Program (NELAP)

All bacteriological data submitted to the TCEQ for decision making must come from
alab accredited by the National Environmental Laboratory Accreditation Program
(NELAP). As aresult of these accreditation requirements (established in 2008), some
analytical elements formerly included in this chapter were removed to avoid redundancy
or confusion with the NELAP Standard, test methods, laboratory SOPs, etc. However,
program-specific requirements and some guidance pertaining to laboratory analysis are
still included. These should be incorporated into laboratory protocols when running
bacteria samples for the TCEQ surface water quality monitoring programs.

Bacteriological-Sample Collection

Sample-Collection Bottles
IDEXX Containers

The preferred bacteriological sample containers are the 120 and 290 mL bottles from
IDEXX. Containers purchased from IDEXX have quality-assurance documentation
associated with each lot received, alowing for a controlled source of bacteriological
sample bottles and ensuring that QC checks have been performed. The IDEXX containers
have lot numbers etched on the bottom that are documented throughout collection and
analysis. Record the lot number on the RFA or COC form. The lot number is a 5-digit
number such as KF007.

IDEXX maintains “ Certificates of Quality” for each lot of bacteriological sample

bottles. To download IDEXX bottle-quality-control certificates go to the IDEXX

“Water Microbiology” webpage (see Appendix A). Under “Quick Links’, select “Quality
Certificates” which opens the “ Certificates of Quality Request Form” (see Figure 4.1).
To download a certificate of quality for IDEXX sample bottles, select the product from
the list provided, enter the lot number and click the “Request Certificate” button. The
certificate can be saved electronically. The following product numbers are those most
commonly used for SWQM purposes.

IDEXX Bottle Product Number
120 mL WV 120ST-200, 120 mL Vesse
290 mL WV 290SBST-100, 290 mL Vessd

Other Containers

Others using this SOP must ensure that the source of bacteriological sample containers

is controlled and their quality is confirmed and documented. If |aboratories supply the
sample containers, then the NELAC requirements related to Chapter 5, Appendix D.3.1.a
must be followed.
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IDEXX.

Water Microbiclogy Products & Services

Home > Water Microbiolagy

Certificates of Quality Request Form

To receive a certificate of quality for any of our water products, simply select the product from the list below, enter the lot
number and click the Request Certificate button. To speak with a representative, see our contact information.

=indicates required field.

Select Product™

WW120SBST-20, VESSELS WIS
00 VESSEL!

T AND S5, 20PK - 92-09220-00
'ST AND S8, 200PK - 98-09221-00
0, VESSELS W/ST 20 PACK - 88-08202-00
VW1205T-200 120ML WESSEL WISTA 200-PACK - 8-05158-00
WW1505SB-200, VESSELS B, 200 PK - 98-14073-00
VW1S0SBET-200,VESSELS B AND ST, ZO0OPK - 88-08222-00
VWW2S05B-100, 290 ML VESSEL W/O NA, 100PK - §8-14289-00
WV290SBST-100, 290 ML VESSEL W/NA 100-PK - 38-09583-00

[=]

=]

Enter Lot Number=

KF0O07

Request Cel

Figure4.1. IDEXX Certificates of Quality Request Form.

IDEXX Laboratories, Inc.
Quality Control Certificate
290ml Sterile Vessels Certificate with Sodium Thiosulfate

Product and Company Contact Information

88-08568-00 [J 98-14268-00
W\/290SBST-100 \W2308B-100

Part Number
Product Catalog No.

Lot Number KFOO07

16 November 2013
1-207-556-4436
1-800-321-0207 (USICan)
00-800-4339-8111 (Europe)
IDEXX Laboratories, Inc
One IDEXX Drive
‘Westbrook, ME 04092 USA

Expiration Date

Technical Support Inquiries E-mail. water@idexx.com

Manufacturer

Fax: 1-207-556-4630
www.idexx.com/water

Physical Properties

1. Fill Line Accuracy Lot has been tested using the gravimetric methed. The 100 ml, 200

mi and 250 mi fill lines are accurate to within + 2.0%

Lot has been subjected to gamma irradiation

In accordance with ISO 11137-02, post-iradiated product has a
minimum sterility assurance level (SAL) of 107

Absence of nicks, scraiches, and cracks

98-09588-00: Lot is able to neutralize 250 mi of 10 ppm chlorine
sclution

96-14269-00: Does not contain sodium thiosulfate

Result: Negative

2. Steriliy

3. Appearance
4. Sedium Thiosulfate Content

5. Fluorescence Test

Quality Assurance Approval

All relevant documentation has been reviewed for completenass and accuracy

IDEXX Quality Assurance Signature o £ aass

Date_Oi Decewfer 7o

j——
s
LABORATORIES

frm-ENV-027 G CO# 052893 Effective Date: 08/30/2010

Figure4.2. IDEXX Quality-Control Certificate.
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Sampling Considerations

The indicator organisms used for determining support of the recreation use are
Escherichia cali in freshwater and Enterococcus in marine waters and some saline
inland waters.

Baseline bacteriological samples should be collected at all routine monitoring sites
under all flow conditions. To maximize the processing time for the laboratory collect
bacteriological sampleslast at asite. In streams and rivers, take care to find an
undisturbed location if other work, like flow or sediment collection, is being done

at the site.

When collecting samples from a bucket of water (bridge site), collect the bacteriol ogical
sample before other samples. Pour water into the bacteriol ogical-sample container. Never
immerse water-sample containers in the bucket; doing so could introduce contamination.

Sample Collection

Clean hands. Bacteria samples are the easiest to contaminate. Take steps to help
eliminate possible contamination by using either an alcohol-based hand sanitizer that
contains at least 60 percent alcohol prior to sample collection or wearing disposable | atex
gloves when collecting a sample.

Never prerinse the sample container. When submerging the sample container, take care
to avoid contamination by surface scum. The surface film is enriched with particles and
bacteria not representative of the water mass.

L eave sufficient headspace. The lab needs to mix the sample prior to processing to
redistribute bacteriain the sample. Fill the sample container to the top (not the 100 mL
or 250mL line.) This allowsthe lab to process the sample according to their procedures.

Flowing streams. Dip the open sample container to a depth of 0.3 m, or roughly half the
depth in very shallow streams. Avoid contact with the sediment. With the open end facing
upstream, push the mouth of the bag upstream at this depth until full. Always hold the
mouth of the sample container upstream of the sampler, the sampling apparatus, and any
disturbed sediments.

Reservoirs and coastal waters. Dip the sample container to a depth of 0.3 m. At that
depth, push the mouth of the sample container away from the boat, the sampler, sampling
apparatus, and any disturbed sediment.

Sample Labeling

Label each sample with the station number, date, and time collected.

Documenting Sample Collection

Complete either a Request for Analysis (RFA) or Chain of Custody (COC) form.

Indicate the type of bacteriological analysis that needs to be run. Record the ot number
of the sample bottle on the RFA Tag or the COC. Provide specific field notes on the RFA
Tag or COC to aid the laboratory staff in determining what or if sample dilutions should
be prepared. Always include the results of field conductivity measurements.
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Sample Treatment in the Presence of Chlorine

Chlorine residual should be analyzed from samples collected downstream of chlorinated
effluent discharges or in areas where the presence of chlorine is suspected. Test strips

or astandard chlorine residual test may be used as away to determine the presence

of chlorine.

m If the sample bottle contains sodium thiosulfate, field testing for chlorineis not
necessary—unless a high level of chlorine is suspected or requested by the lab
analyzing your samples.

m If the sample bottle does not contain sodium thiosulfate, field testing for chlorineis
necessary. If residual chlorineis present, add 0.1 mL of 10 percent sodium thiosulfate
to the sample.

Safety note: Although sodium thiosulfate has alow toxicity, it can cause eye irritation.
Wear safety glasses when preparing sodium thiosulfate solution and when adding it to
asample.

Sample Preservation

Place samples on ice immediately after collection. No more than one bacteria sample per
gallon of cooler capacity may be placed inside the cooler; these should be evenly spaced
inside the cooler and completely covered with wet ice. Cool the samples as quickly as
possible to < 6.0°C but do not allow the samples to freeze.

Sample Shipping

Sampl e shipping should be coordinated between sample collectors and |aboratories.
TCEQ staff—ship samples to the TCEQ Houston Laboratory between Monday and
Wednesday, arriving no later than Thursday. Samples may be shipped to the LCRA
on Thursday or Friday, but only by prearrangement.

Quality-Control Samples

Collect one large sample (> 200 mL ) at the same time you collect field splits for
other parameters. This sample provides enough volume for the lab to analyze the
ambient sample and a bacteriological laboratory duplicate. It is preferable to collect
bacteriological laboratory duplicate samples where elevated bacteria concentrations
have occurred in the past. Further, it is preferable to vary the location where duplicate
samples are collected over time. Field splits and field blanks are not required for
bacteriological analysis.

Sample Holding Time

Holding timeis defined as the amount of time between collection and the initiation of
analysis. Plan sample collection so that samples are set up within the required holding
time. Do not report samples that are not prepared within the time limit or are reported
from the laboratory as exceeding the holding time.

Laboratoriesarerequired to process bacteriological samples within eight hour s of
sample collection whenever possible. The 8-hour holding time includes 6 for transporting
and 2 for processing. Field personnel should submit samples to the lab within 6 hours
when possible. When transport conditions cause delays in sample preparation longer

than 8 hours, the holding time may be extended up to 48 hours for E. coli. However,

Bacteriological Samples 4-4 August 2012



any extension should be minimized. This extended holding time applies only to E. coli
anaysis using the IDEXX Colilert Quanti-Tray/2000.

Bacteria Sample | Holding Time
E. coli up to 48 hours
Enterococci up to 8 hours
Fecal coliform up to 8 hours

Note: Thereis no extension of holding times for Enterococcus. Regions needing this
anaysis must contact the SWQM quality assurance office to arrange for the use of alocal
NELAP-accredited laboratory.

Selecting an Indicator for Classified Water Bodies

In monitoring for attainment of the recreational use the appropriate indicator must be
determined before sample collection. The indicators for classified water bodies, which
appear in Appendix A of the TSWQS, must be used at all times regardless of the specific
conductance at the time of sampling.

Selecting an Indicator for Unclassified Water Bodies
m  Unclassified water bodies within the watershed of a classified segment designated as
freshwater should be sampled for E. coli.

m  Unclassified water bodies within the watershed of a classified segment designated
high saline should be sampled for enterococci.

e However, if it can be demonstrated that the unclassified water body is not high
saline through a historical review of the specific conductance data—the maximum
of al measurements must be less than 10,000 pS/cm—then E. coli may be chosen
asthe indicator. See the following information on selecting the appropriate
method for E. coli.

m  Unclassified water bodies within the watershed of a classified segment designated
tidal should be sampled for enterococci.

e However, if it can be demonstrated that the unclassified water body is not tidal
through a historical review of the specific conductance data, then E. coli may be
chosen astheindicator. Due to variable conditions along the Texas coast these
are addressed case by case.

Note: The chosen indicator must be used during all sampling events. Use that indicator
regardless of the specific conductance value measured during sampling. This ensures that
all data collected can be reasonably compared to the single most appropriate criterion.

Program-Specific Requirements and Guidance
This section discusses program-specific requirements and other program-specific
guidance pertaining to IDEXX Colilert and Enterolert methods for detecting E. coli in
freshwater and enterococci in marine waters or high saline inland waters (APHA, et .
2005; ASTM 2004).

Note: Information specific to IDEXX methods are discussed in this chapter. While the
IDEXX methods are encouraged for laboratories supporting the state’ s surface water
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guality monitoring programs, other appropriate methods (for example, membrane
filtration) may also be used. In such cases, information specifically related to IDEXX
methods may be disregarded. However, program-specific quality-control requirements
and some program-specific reporting rules are applicable no matter what method

is chosen.

Selecting a Method

E. coli
In monitoring for attainment of the recreational use, E. coli isthe indicator for all non-
tidal water bodies classified as freshwater in the TSWQS.

However, many inland water bodies with high specific conductance remain classified as
freshwater in the TSWQS. There have been false positive results for E. coli when using
the Colilert methods in these water bodies. Because of thisissue, the TCEQ has revised
the guidelines regarding the use of Colilert media and sample dilutions.

The following guidelines apply to freshwater bodies with E. coli as the designated
indicator:

m  Choose an E. coli analysis procedure after evaluating long-term specific-conductance
results.

m  Use Colilert-18 or Colilert-24 for freshwater samples with specific-conductance
values less than 3,000 uS/cm.

m  Use Colilert-18 for freshwater samples with specific conductance values greater than
3,000 pS/cm.

Enter ococci
Enterococci are the indicator for water bodies classified astidal, marine, or high saline
inland listed in Appendix A of the 2010 TSWQS.

Fecal Coliform

Fecal coliform is used only in monitoring for attainment of the oyster-water use and not
for the recreational use. Oyster waters are monitored by the Texas Department of State
Health Services Seafood and Aquatic Life Group. The DSHS Seafood Safety Program

is governed by the guidelines of the U.S. Food and Drug Administration’s National
Shellfish Sanitation Program. Information about the Seafood Safety Program is available
at the DSHS website (see Appendix A).

Selecting Sample Dilutions

Dilutions, if necessary, should be determined based on the historical concentrations at
the sampling site, field notes, and/or the examination of samples themselves. The goal
of sample dilutionsisto achieve quantifiable results and remove interferences.

For the detection of E. coli in freshwater and enterococci in marine and inland
saline waters, the following dilutions are recommended as starting points for most
common situations.
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E. coli, standard test volume. Use asingle standard test volume of 100 mL for water
that is determined through experience to be relatively free of bacterial contamination

(< 2400 MPN/100 mL), aswell as turbidity, color, and suspended solids. If the bacterial
level is unknown, other dilutions should be performed in addition to using the standard
test volume. This appliesto Colilert-18 or Colilert-24.

E. cali, interference and/or high (> 2400 MPN/100 mL) bacteria count. Run multiple
dilutions to achieve quantifiable results and remove interfering factors (suspended solids,
color, or turbidity) that might mask fluorescence. Note: When using Colilert-18 on
samples with specific conductance values greater than 3,000 puS/cm the minimum dilution
should be 1 to 10.

Enterococci, standard test volume, all waters. Use the standard test volume of 10 mL
on al waters.

Reporting Rules

IDEXX Methods

m Report the result from the tray with the smallest dilution (largest sample
volume) which does not have all positive wells.

m If dl trays have all positive wells, report the largest dilution (smallest sample
volume).

m If dl trays have no positive wells, report the smallest dilution (largest sample
volume).

All Bacteriological M ethods

m Report final results as two significant figures.
m Report results as E. coli MPN/100 mL or CFU/100 mL, as appropriate.

Quality-Control Requirements

Laboratories should refer to the NELAP standard and test methods for afull listing of
quality control requirements related to bacterial analysis. The requirements discussed

below are program-specific requirements which are not found in the NELAP standard.

Bacteriological Laboratory Duplicate
Analyze alaboratory duplicate with every tenth sample. If fewer than 10 samples are
collected in amonth, analyze one duplicate per month.

When analyzing alaboratory duplicate for a microbiology sample, use another aliquot
from the parent sample. To ensure that enough sample volume is available, collect

> 200 mL of sample at stations for which samples are analyzed at full strength (100 mL).
Remember to mix the sample well before dividing. For other samples that normally
require dilution, t