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Brief Introduct
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My research water/bacterla/waste
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My lab research- microbiology/mass spec

!

Pathogen testing |
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Bacteria Contamination-Why an issue?

Pathogen contamination is the
leading cause of impairments.

Pesticides
Turbidity

Temperature
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In-stream contamination — lowa work
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Challenges in bacteria transport modeling
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Conceptual bacteria dynamics In streams
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Bacteria modelling-new empirical formula

New approach

C; = mp,Cyq/8C C, = constant Iy = gravitational force F. = cohesive force

T. = critical shear stress at cohesive and gravitational forces

n
T—1T
E= 104( - J and T, = 414 -d; d= particle size

Te = T
Semi - empirical approach @
Shields parameter Cohesive parameter
T _ atan ¢
@ = Repose angle g(p, — p)d (o, + astan ¢)

F. tan ¢/(a, + a,tan ¢)
+ ;
g(psf o p)dd
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Bacteria modelling — 1. Resuspension in stream
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Water Research

Volume 46, Issue 1, 1 January 2012, Pages 115-126

Critical shear stress ©_(N/m°)

A model for predicting resuspension of Escherichia coli from

streambed sediments
Pramod K. Pandey®, Michelle L. Soupir®, Chris R. Rehmann®™ LR

Particle diametar (um
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Bacteria modelling- 2. Pathogen Load

T
EPA limit
—+——Pws=1
Pws = 100
[ —=— Pws = 10,000

Panicle size, d {im]

10 15 2

LT atd = 2 mcron = = LT atd=8§mcron

« LT atd = 20 micron ——Crticial shear stross VS d

VETERINARY MEDICINE

Total E. coli (CFU/s)

Total E. coli load, Ly [CFUM

Critical shear stress, v {Pa)

400 E00 00

Strwam bid shear stress, 1 (Pa)

Julian Day

UCDAVIS
AGGIES

Assessing the Impacts of E. coli Laden Streambed Sediment on E. coli Loads |
over a Range of Flows and Sediment Characteristics

Pradicted total pathogen load, Ly [CFU/s)

Pramod K. Pandey Postdoctoral scholar

and Michelle L. Soupir Assistant Professor
JAWRA Journal of the

Version of Record enline: 21 JUN 2013 American Water Resources
DOI- 10.1111/jawr. 12079 : Association

Volume 49, Issue 6, pages
1.E407 E T 1261-1269, December 2013

Measured total pathogen load, Ly (CFU/s)
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Bacteria modelling- 3. SWAT model
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Bacteria (E. coli) monitoring in stream
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Subroutines for SWAT bacteria transport

bo swat2008 - Microsoft Visual Studio
File Edit View Project Build Debug Tools Window Help

A-id- S G| % R 9 - - &3] b [Debug ~| [winz2 - | [ | max || 6 R e e ] B - -
2| OPEPHBBRA[UBE v 22 DE R F|P, Tl [ fe E-

rtbactl fA0 < Uk

% (Global Scope) - “@rtbact()

subday.f
submon.f
substor.f
subwq.f
subyr.f
sumbhyd.f
sumv.f

netgrowth_wat, netgrowth_sed
re oo e ou oo oo END SPECTFICATIONS oo o re oo oo o

use parm
implicit none
real, external :: netgrowth_sed, netgrowth_wat sunglasr.f
integer :: ii, jrch sunglass.f
real :: initotwatecoli, inibedsedecoli, inisussed, netwtr, tday sunglasu.f
real totwatecoli, atcwatecoli, atcwatecolicon uatcwatecoli surfacef
real sussedmass, bedsedmass, bedsedvol, acbedsedweol surfst hZo.f
real acbedsedmass, taub, tsuc, taunc, Eoca, na, resvel, setvel -
real ressedmass, setsedmass, resecoli, setecoli, fa, fua
real :: bedsedecoli, bedseddep, acbedseddep
real :: wetp, chz, chn, chsl, <3, c5, gr, sr, a, b, dp, rows surg_greenampt.f
real :: roww, mu, wtmp, hydr, pi, kp, sedin, gdin,sussedcon swhl.f
real :: bedsedecolicon, totbactp, totbactlp, ressedcon
real :: initotwatlp, initotwatp, inibedsedlp, inibedsedp
real :: atcwatlp, atcwatp, uatcwatlp, uatcwatp
real :: uatcwatlpcon, uatcwatpcon
real :: reslp, resp, setlp, setp
real :: bedsedlpcen, bedsedpcon, bedsedlp, bedsedp
real :: totwatlp, totwatp, atcwatecolicon
real :: atcwatlpcon, atcwatpcon, uatcwatecoli, reachwatr
real :: wtrin, totbactecoli
real :: insussedmass, isedlp_conc, watvol,insussedcon
real inwatlp_conc, watlp_conc, insedlp_conc
real sussedmass_bf
real dtl, dbl, bedsedmass_tl, bedsedmass_bl
real bsen_tl, bsen_bl, bsec_tl, bsec_bl
real :: res_f, nres_f, res_ecn_tl, res_ecn_bl
real :: ressedmass_tl, ressedmass_bl
real :: ibsen_tl, ibsen_bl, ibsec_t1, ibsec_bl
real :: ibsec, ibsen, bsen, bsec
real :: wen, wec, in_bedseden, bedseden

in_bedsedec, bedsedec, sussedcon_bs

VETERINARY MEDICINE

surfstorf
surg_daycn.f
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Output

'|| 3 | RS ES | '-‘\l = '-'j Solution Explorer [{- S@FEERNTIY
Properties

Show output from: |Intel Parallel Debugger Extension

rtbact1.f90 File Properties
2= BE

File Path

My background/experience in programming of ROTO model did help;
challenges were in GIS interphase
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SWAT setup - Bacteria modeling
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SWAT in-stream flow (observ./pred.)

—— Measured - Predicted

Daily flow (m3/s)

Predicted (m?/s)
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Pathogen modelling In stream

# Pred waterE.coli ® Meas. water E. coli ~r Flow
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*‘E' 16402 1 g
_ 01 &
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Bacteria field work — relatively expensive

N
Predicting Streambed Sediment and Water Column Escherichia coli Levels at 1
Watershed Scale'

Pramod K. Pandey Assistant Specialist',
Michelle L. Soupir Associate Professor?,
Charles D. Ikenberry Graduate Student®
and Chris R. Rehmann Professor®

JAWRA Journal of the
American Water Resources
Association

JAWR AN
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Volume 52, Issue 1, pages
184197, February 2016
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SWAT Dbacteria predictions and observations
(predictabllity estimation)
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Conclusions of this bacteria modelling

 Modified SWAT model can improve the estimation of bacteria

transport at watershed scale.

* This will be the first model to understand bacteria dynamics in

streambed sediment (not found reported yet)

« This model predicts pathogen concentrations in the sediment

bed as well as in water column simultaneously.

 The predictions were verified in the Squaw Creek Watershed,
lowa; and approximately 82% of the water column predictions
and 62% of the streambed sediment bacteria predictions fall

within 1 order of magnitude of bacteria measured data.
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