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Outline
e Context

» General Assessment Approach

= Qrganization, Monitoring, Assessment Inputs/Outputs
e The Way DHEC Used to Do Assessment
 The New Way — Overview of R Statistical Software
» Resources for Additional Information
e Questions
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Context
* Presenting work of DHEC’s Surface Water Monitoring Section
= Develop water quality monitoring strategy

= Direct field sampling
= Manage data

= Perform the assessment for 303(d) & Integrated Report

o EPA’s assessment staff have noted DHEC’s R-based assessment
tools and thought a presentation of DHEC’s approach would be
useful along side the Data Discovery Tool

* Presentation Goal: Overview of assessment approach and why
R is useful for DHEC, not details or how it’s done
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Water Quality Monitoring

« Strategy updated annually
» Defines stations, parameters, sampling frequency, etc.
» Base Sites — 250 base sites sampled every other month

o Special Request Sites — 70 NPS 319 project sites in 2015,
additional sites for TMDLs and WLA/NPDES permitting

o Statistical Survey Sites — 90 new randomly selected sites
each year sampled once per month for 12 months

= 303(d) List and 305(b) Assessment
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Additional Monitoring
Aguatic Biology Section
= Fish tissue Hg and PCBs

= Benthic macroinvertebrates

Shellfish Sanitation Section
= Fecal coliform sampling in shellfish harvesting areas

Beach Monitoring
= Enterococci at ocean beaches

Outside Data
= Requires approved QAPP
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Classifications and Standards

o Water Classifications — Freshwater, Trout Water, Saltwater
Class A, Saltwater Class B, Shellfish Harvesting Water

o Water Quality Standards

= magnitude, frequency & duration components

= acute and chronic criteria

= Site-specific standards

= pH, temperature & salinity dependence (ammonia toxicity)

o Waterbody Type — streams, lakes < 40 acres, lakes > 40 acres,
estuaries, ecoregion



= South Carolina Department of Health and Environmental Control
5 Promoting and Protecting the Health of the Public and the Environment

Assessment Methodology
o (Full, (P)artial, (N)ot supporting

Bacteria and Conventional Parameters
= F=<10% Exceeds

= P=>10% and £ 25%
= N=>25%

Toxics
= F =no more then 1 exceedance

= P =2 or more exceedance <10%

= N =2 ormore and > 10%

Partial and Not Supporting are on the 303(d) List
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Data Processing
« Data Blending
= Proximity — due to random generation of statistical survey

site locations, data may be pooled for adjacent sites
= Standards change during assessment window
= Different sampling frequencies

e Trend Analysis
= Seasonal Kendall’s Tau Test

= 15 years

= Minimum 30 data points
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Assessment Task

o Compile monitoring results and format data files

* Record-by-record, determine appropriate criteria
depending on water class, water quality standard,
waterbody type, ancillary chemistry

« Station-by-station and parameter-by-parameter,
determine exceedances, use support, and listing status

e Perform QA/QC

» Reconcile sites with TMDLs - if yes, category 4a; if no
category 5 (303d List)

e Pointis, it’s a challenge
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The Way DHEC Used to Do Assessment, orso 'm told

 Initially, some combination of legacy STORET tools and
brute force FoxPro and Excel, said to take months

« Later, Agency programmers developed an assessment in
C programming language and then another in SAS, [ sees o |

apparently didn’t work very well

Bang

* Then, legend has it, WQHydro trend analysis Head
Here

software was lost in the fire which gutted part
of the monitoring annex

o Submittals were timely, but assessments were hard,
and reliving those dark days with assessment staff can
leave one with a terrible sense of woe
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The Way DHEC Does Assessment Now

« Assessment staff use R statistical software to perform
most assessment operations

e Most data management is done outside of the R
environment (text files, Excel, Access)

e Modules and Functions in R access data, perform
calculations, write results, create tables that become
the final assessment

« Can be used to create data plots and KML files for
mapping assessment results
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What is R ?

e Risalanguage and environment for statistical
computing and graphics

* Free open-source software

 Includes a core set of statistical packages

« Additional packages developed by the user community

« Highly adaptable to specific situations

* Provided and supported by:
R Foundation for Statistical Computing
(https://www.r-project.org/)
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What R Looks Like

trenddata <- DATASET 3>9
filter(TREHND — "Y¥" & Year > LastData¥Year - 13} %%
gelect (c(STAT, PARM, DateTime, ResultTrend)) %>%
mutate (Month = format (DateTime, "Im")) >3
mutate (Year = format({DateTime, "3IY"})) F>%
left join(MonthCrossWalk)

[V U S

. m L

trendbimonth <- trenddata %>%
gelect (5TAT, PABM, Year, MonthGroup, ResultIrend) %>%
group by (STAT, PARM, Year, MonthGroup) *>%
summarise (ResultTrend = mean(ResulcTrend) )

= =
[ T Ve B o

=

trendbimonthocount «<—- trendbimonth >3
zelect (5TAT, PAEM, ResultTrend) =%
group by (STAT, PARM) 2>%
summarize (Count = n{}))

[

|
¥ TR S

I I
-1 & n

=

trendbimonth %<>% left join(trendbimonthoount) >3
filter{Count >= 320)

[

[T}

statvector <- unique(trendbimonth[, o ("3TAT", "PAZEM")]1)

yearvector <— sort{unigue (trendbimonth$¥ear))

HMonthGroupvector <-— sort {unigue (trendbimonth$MonthGroup) )
vearMonthGroup <- merge (yvearvector, MonthGroupwvector)

names {yearMonthGroup) <- c{"Year", "HonthGroup™)

yvearMonthGroupS§Y¥ear <- as.character (yvearMonthGroupSYear)
yvearMonthGroupSHMonthGroup <- as.character (yearMonthGroupSHMonthGroup)

[T U SR

-] m tn

trendbimonthts <- merge (statvector, yearvector)

L B3 RS R RS R ORI BRI R BRI R

[T ]
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Why R Works For DHEC

 We didn’t already have an efficient approach and weren’t
already invested in something else

» Talented individual on staff overcame the R learning curve
and now does code, customization, etc.

» Flexible — R-based tools are readily adapted to SC specifics in
house

e Free—no license issues

» Powerful — large user base and growing contributing group
adding new functions

» Fast — staff time doing assessment reduced from months to
days-weeks (depending on changes between cycles)
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Standards Assessment

e Select parameters |~ Data Editor,

File Edit Help
tO asseSS STOEET NUMN|Zhorchame | Aasess
1 |ooo10 WTEMF v
2 |0ooo07&E TURE v
3 |0o0300 Do ¥
4 |(0O0400 FH v
& |oo4s0 SAL v
6 |00s00 T v
7 |0o0510 WH3 v
g |006E5 TF v
9 (01027 cD v
10 |01034 CR v
11 |O0104zZ 9] ¥
12z |01051 FE v
13 |01087 NI v
14 |01092 ZN v
15 |3161a FECAL v
16 |32z09 CHLA v
17 | 71200 HE v




Microsoft Excel - Criterion.xls

@_1 File Edit ‘iew Insert Farmak Tools Data  Mindow  Help
Dodsgdavalaan s oo g dusee ~o  Criteria Tabl
SeaER R e B YR Criteria Table
NG Mt W P - WY N | [ = [ | ¥¥ Reply with Changes... End Review... !
B2 - = Py

A E | c | D | E | F | 5 | H | | |4 | kK | L |
1 |PARM CLASS  WEBODY ECOREGION LT =T TORIC MUTRIENTS CHROMIC ACUTE DL Blank
14 00076 TRPET 10N M 0.5 1
15 (00076 TRET-5P 10/M M 0.5 1
16 00075 TFT 10N M 0.5 1
17 (00300 F-5P 4 M M 1
18 (00300 Fi ] M M 2
19 (00300 oA 5 M M 2
20 00300 SA-5P 4 M M 1
21 [00=00 =B 4 M M 2
22 00300 =B-5P ] M M 1
23 00300 =FH 5 M M 2
24 00300 T B M M 12
25 (00300 TRPET B M M 1
26 00300 TRET-5P g M M 2
27 (00300 TFT B M M 12
28 (00400 Fry B 8.5 M M 1
29 {00400 Fyy-5F ] 8.5 M M 2
30 00400 oA B.5 8.5 M M 1
31 [00400 SA-5P 6.5 8.5 M M 3
32 00400 =B 6.5 8.5 N M 13
33 (00400 =B-5P 6.5 8.5 M M 13
34 00400 =FH B.5 8.5 N M 13
35 (00400 T B gn M 1
36 (00400 TRPET B 8.5 N M 1
37 (00400 TPET-5P B 8.5 M M 3
3a (00400 TFT B 8.5 N M 1
39 [00&00 L BLUE RIDGE 035 M i 3
40 [00s00 L FIEDMONT 1.8/M ki 1
41 [00&00 L SOUTHEASTERM PLAINS 1.5M i 1
42 00600 L MIDDLE ATLANTIC COASTAL PLAIN 1.8/M i 2
43 (0010 Fui i M 0.179 1.32 0.05 2
44 [00&10 FWy-5P ki M 0179 1.32 0.05 2
45 00610 oA i M 0.05 0.35 0.05 2
46 00610 SA-5P ' M 0.05 0.35 0.05 2
47 00610 =B ' i 0.05 0.35 0.05 4
4 4 » wSheetl / Sheet? / Sheets / | <
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Attributes Table

@_] File Edit ‘iew Insert Format Tools Data  ‘Window  Help

ARNE=N= RERE I NN N NN RS A AR N RS 1% 01 I RUCIRACY

: Arial -0 -|B Z UIESEH|S % BB FEFH-O-A-H
e Bt s B W Y 3 | A B ([ | ¥4 Reply with Changes... End Review... !
A1 d B STAT
A E | ¢ | D | E | F | G | H |
1 |STAT IAYBODY CLASE1 CLASSS PREVCLAZS ECOREGION LOMGITUDE  LATITUDE
2 |MD-OES  E =B =FH SOUTHERM COASTAL PLAIN A9 BAZ20B9 327728485
J |MD-208  E DR =FH SOUTHERM COASTAL PLAIM -00. 16433819 32 62230612
4 |PD-040 5 FYW-SF SOUTHEASTERM PLAINS -80.3341803 ) 33.58744111
5 |PD-141 5 Fyy SOUTHEASTERM PLAINS -79.850159422 34 30353235939
B |RL-O1011 L Fyy SOUTHEASTERM PLAINS -80.1981181| 335126767
7/ |RL05395 L F SOUTHEASTERM PLAINS -f9.6731037 | 34.6347R23
g |R5-058233 5 Fy FIEDMONT -80. 46398653 34.63503145
8 |5-287 = Fyy FIEDMONT -31.18636514 34 0535354144
10 |=T-032 L Fyy MIDDLE ATLANTIC COASTAL PLAIN - -B0.0111925 | 32 93241553
11
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Example Parameter - Ammonia

e Calculates a criterion for each individual result based on
necessary ancillary field measurements

= pH & temp for freshwater
= pH, temp & salinity for saltwater

e Missing field values

= Other measurements in the same month are averaged
= Data from preceding and following month are averaged
= |f no data meeting above criteria, NH3 value not assessed

» Calculates the average of the standards exceedances
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[ B9 Microsoft Excel - NH3DataSet.csv
|

@_] File Edit Wew Insert Format Tools Data  Window  Help
= oSO ERPE s aB. 0 o8 s 2 - of
Allllllonlamel -0 - B 7 U|E==ME]8$ % » W% EE v&vév!
i [ W I W R O | (& Yy @_]| "¢ Reply with Changes, .. End Review... !
Al A A STATION
A B | ¢ | D [ E[ F [T s [ H[ 1 [ 40 [ ][] L | b [ W] 0 | P
eS u S 1 |STATION ICLAZS DATE TIME MH3 WBODY PH | TEMP SAL  MONTH YEAR PHCALC |TEMPCALC SALCALC ACUTE CHROMIC
| 2 |MD-OB3 |SB 1/31/2008 | 12:55:00 PM 0E 7.86 1019 3479 1) 2008 17.03796364  2.559350761
| 3 |MDOB3 5B 201942003 12:50:00 PM 0E 777 1382 3382 2 2008 15.9128655 | 2.390345204
| 4 |MD-OB3 5B 3/20/2008  9:58:00 AM 0054 E 741 1726 32.595 3 2008 27 91829532 4193735349
| & |MDOB3 5B 417/2008 10:31:00 A 0E 75 1671 3233 4 2008 23.68572135 3.543537016
a e 6 |MD-OBS  SE 528/2008 9:21:00 AM 0078 E 721 2429 3046 5 2005 25.83392516| 3.860632534
7 |MD-OBS  ZB 6/30/2003 11:35:00 AM 0E 743 2783 31.35 6 2008 12.11655038 1.8200582676
| 8 |MDOB3 5B 724/2003 10:45:00 &AM 0071 E 763 2803 31.26 7 2008 7.065010664 | 1.06171834
| 9 IMDOB3 5B 9/29/2003 | 11:20:00 AM 0E 782 238 3181 9 2008 13.31854571 2.000632914
|10 |MD-0B3 | SB 10/30/2008 | 10:33:00 AM 0E 795 168 31.81 100 2008 C 8.4135058442 1.26353174
11 |MD-0B3 - SB 117192008 | 10:24:00 A 0E 8575 11.8 2869 11 2008 C C 2873444194 0.445654707
12 |[MD-0BS  SE 12/29/2008  11:09:00 AM 0E 9 1456 2569 12 2008 M 1.01773606 | 0.152875507
13 |[MD-0BS ZB 1/28/2009 11:20:00) 0.054 E §.08 1037 307 1) 2008 9.976518363 | 1.498663703
14 |[MD-0BS 2B 2/26/2009 9:59:00 0E 763 1082 295 2 2009 23.79819202 | 3.5748357 11
|15 |MD-0B3 5B 3/19/2009 10:58:00) 0.077 E 753 1573 3065 3 2002 9.455235585 | 1.420314358
|16 |MD-0B3 5B 4/23/2009 10:55:00) 0.056 E 788 188 276G 4 2002 3.319504612 | 1.245710293
17 |MD-OB3 5B 5/21/2009 10:46:00 0E 789 198 3357 5 2009 C 1540106039 2.313464006
|18 |MD-0B3 5B 6/26/2009 9:30:00 0071 E 7.3 2888 29.88 6 2009 14.94244634 | 2.2445734585
19 |[MD-0BS  SE 723/2009 11:08:00) 0.085 E 771 2836 317 72009 5.786062705 0.565151051
|20 [MD-0OBS  ZB 8/20/2009 10:43:000 012 E 788 296 3.7 g 2009 [ 3.906895501 | 0.5866872715
| 21 |MD-0B3 5B 1201772009 11:20:00) 0.089 E Mal 12.5 MalM 12 2009 C C A MNA
| 22 |MD-0B3 5B 225/200 10:00:00 0E 736 1016 287 2 2Mmo 51.76816213 7.776334419
| 23 |MD-0B3 | SB 4115/2010 9:36:00 0.035 E 7721926 2412 4 2010 11.32029484 | 1.700473474
| 24 |MD-OB3 | 5B 6242010 9:44:00 0E 778 29.8 Nal 6 2010 C MA, A,
| 25 |MD-0BS  SB 81242010 10:20:00 0E 772 3012 Ell g 2010 5.336501787 | 0.801680526
26 [MD-0BS  ZB 10/7/2010 9:54:00 0E 78 219 3004 100 2010 15.5872275921 2.384247945
| 27 |MD-0B3 5B 12772010 10:10:00 0E 774 1141 301 12/ 2010 19.93363512 2.994322672
| 28 |MD-0B3  SFH 1/31/2008 | 12:55:00 PM 0E 786 1019 3479 1) 2008 17.03796364  2.559350761
MD-089  SFH 2/15/2008 12:50:00 PM 0E 777 1382 3382 2 2008 15.9128655  2.390345204
30 |MD-069 | SFH 3/20/2008 9:558:00 AM 0054 E 741 1726 32.56 3 2008 27.891529532 4183735349
31 |MD-0B9  SFH 4/17/2003 | 10:31:00 AM 0E 78 1671 3233 4 2005 23.868672135 3.54337016
32 |MD-0B3  SFH 528/2003 2:21:00 AM 0078 E 721 24729 3046 5 2008 25.83392516| 3.580632534
33 |MD-0B3  SFH 6/30/2003 11:35:00 AM 0E 743 2783 31.35 6 2008 12.11655038 1.820082676
34 |MD-0B2  SFH 72472003 10:45:00 &AM 0071 E 763 2903 31.26 72008 7.065010664 | 1.06171834
35 IMD-0B9  'SFH 9/25/2003 11:20:00 Ak 0E 752 238 31.81 32008 13.31854571 | 2.000639314
4 4 » r[\NH3DataSet / <

Ready
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Assessment Output

@ Fle Edit View Insert Format Tools Data ‘Window Help
PG AV %R S --8F -G R4 0% - @
 Arial »10 »|B Z U|E=EFH|S % 9 %0 %85 | . ﬂ%'é*!
_] o Tt I TR BTN 21 | @_H ¢ Reply with Changes,., End Review. .. B

Al v B STATION

A Bl ¢ | D | E | F |l 6 | H | 1 | J | K | L |

1 |STATION .TlEH CLASS WBODY BIO_SUP BIO_SOURCE DO _MN DO _Mx DO_%x DO_AVGK DO_SUP DO _Trend F
2 |MD-DB9 =B E 45 0 0 0OF NS
3 |MD-06S =FH E 45 3  b.bBbY 4827 F NS
4 |MD-209 SFH E 45 16 355586 4,233 N NS
5 |PD-040 FW-SP S 12 8 BEBEY 1.683 N D
b [PD-141 Fyy S 1" 1 9.091 475 F NS
7 |RL-01011 Fyy L 47 0 0 0OF
g8 |RL-05393 FyY L 12 0 0 0F
9 |RS-08233 Fyy ) P 1" 1 9091 382F
10 | 5-267 Fyy S P 12 0 0 0OF D
11 |ST-032 Fyy L 45 1 2222 471 F NS
12 WAC-028 Tier |
13 WAC-029 Tier |
14 WAC-032 Tier |
15 | 4001 P
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Supports Output

E1 Microsoft Excel - EPA_SUPPORT. xIs

iH] Fle Edt View Insert Formab  Tools Data  Window Help Type 3 questi

NEHRO G AVE SR S-S -of)

=

i Arial - 10 =B I U | = $ % 2 %0 - e A
(A ®a 2 d @5 A SHNE R @_]| ¥4 Reply with Changes... End Review... !
A - A STATION
A B | ¢ [D] E [ F [ & | H | I | J [kILIM] N JolrPlalrls|Tlulvw[x] v [ Z [ as |
1 [sTATION ICLASS WEBODY TIER OWERALLUSE |[RECUSE ALUSE AL F_SUP AL P SUP AL M SUP BIO DO PH TURE TM MH3 TP CD CR CU PB Ml ZM HG CHLA FECAL BEACH
2 |MDOE9 |SB E F F F TURBE,DO,PH,NH3,CD,CR,CU,PB NI ZN HE F F F F F F FF FFF F
3 |MD-DB3  SFH E F F F TURB,DO,PH,NH3,CD,CR,CU,PB NI ZN HG F F F F F F FF FFF F
4 |MD203 (SFHE M F M TURBE,PH,NH3,C0,CR,CU,PB,NLZN HG Do NOF F F F F FF FFF F
5 |PD-D40  FW-SP S M M M TURB,PH,CD,CR,CUPB M ZN HG DO,NH3 M F F M F F FF FFF M
B |PD-141 Fw S M M n TURE,DO,PH,CD,CR,CU PB MILZN HG MH3 F F F M F F FF FFF n
7 |RLOIDN PW L M F M TURBE,DO,TH,MNH3,C0,CR,CU PB M 7N PH P F P F FF WMIF FIFF FF F
8 |RLOS39B Fw L M F M DO,PH,TH,NH3,C0 CR,CU PB MILZN HG TURB,TP,CHLA F F N FF MIF FIFF FFF M F
9 |[RS-08233 Fw S p P P TURBE,DO,PH,NH3,CD,CR,CU,PB NI ZN HG BIO P F F F F F F FF FFF P
o|s287 FwW 8 M M M DO,PH BIO TURB P F F N M
MST032 FPw L M F M TURBE,DO,PH, TN, NH3,CD,CR,CU,PB NI 7N HG TP, CHLA, F F F FF WNIF FFF FFF N F
12 |wwac-028 Tier | |1 M M
13 |wac029 Tier | P = =
14 [ywac-032 Tier | P P P
15 [%0m P P BIO P
B
1
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Example Data Plot and Listing History

Station
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Helps with
QA/QC

as.numeric{dataplot$Result)
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dataplot$Date Time
STATION Parm Year Call Comment Discuss Final
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Counting on R to Help with New ATTAINS
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Resources
* R Foundation for Statistical Computing

https://www.r-project.orq/

* R project mailing list and archive
https://www.r-project.org/mail.html

e Quick-R
http://www.statmethods.net/

R Tutorials
http://ww?2.coastal.edu/kingw/statistics/R-tutorials/
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In Other Words...

Wade, is your water quality data in spreadsheets?

- € Reply |V

“Save time and
boost data quality
with a single source
of truth for historic
and current

water...data”

Unsubscribe  Action Items m

aznz) AQUARIUS Samples

Sample Management Made Easy.

Discover =
AQUARIUS | .=
Samples -

Play 3-Min Video

Sample Data Management Made Easy

“...rapid analysis and
visualization — so staff
can make better
decisions...”

Wade, you're invited to watch a 3-min video of AQUARIUS Samples. Discover how to
strearmline the management of your environmental lab and field sample program. Save
time and boest data quality with a single source of truth for historic and current water,
air, scil, biclegical, and tissue data. Results are centralized and validated online for rapid
analysis and visualization — so staff can make better decisions anywhere.
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Contacts
Using R for assessment: General information:
Bryan Rabon Wade Cantrell, Manager
Surface Water Monitoring Section 303(d), Modeling & TMDL Section
SCDHEC - Bureau of Water SCDHEC — Bureau of Water
803-898-4402 803-898-3548
raboneb@dhec.sc.gov cantrewm@adhec.sc.gov
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