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The program began in mid-
1970s due to impacts on water
quality

UNIVERSITY OF MINNESOTA

Training program developed In ONSITE
partnership with the MPCA, SEWAGE

: TREATMENT
mandatory since 1996 PROGRAM

Blends expertise in solil science
and engineering

Supporting research activities



Agenda

1. Overview of safety rest areas (SRA) and truck
stations (TS) in relation to wastewater treatment

Evaluation and risk assessment

Ongoing research




Introduction - SFA

* MnDOT operates 52 safety rest
areas and truck stations across
Minnesota that are served with
subsurface sewage treatment
systems (SSTS)

* Due to their locations, most are
not connected to municipal
water/sewer

* Aging SSTS with many systems
30+ years old




Primary goals

Evaluate each SSTS and develop risk
framework to prioritize upgrades

Decision support tool
Budget planning

Continued research into system
design, functioning, and maintenance



Importance of SSTS in Minnesota

Over 630,000 SSTS in Conventional
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Typical Decentralized Wastewater Treatment

* Primary treatment/anaerobic
@ @ digestion in a septic tank
* Final treatment/disinfection in a
subsurface soil treatment system
e |1 b ”I!" (SSTS) with 3 feet of unsaturated soil
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* Options exist for advanced
treatment with challenging site/soil
conditions or larger SSTS
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How are MnDOT facilities Different?

3 4 5

Flows Strength Cleaning Site Systems

Higher than Waste is Consistent use Challenging Complexity in
homes concentrated of products soil conditions design

Seasonality




Timeline — 2014 - 2016

Developed Performed Complete risk
Q protocol ¥ assessments assessment

Develop

O Tested protocol O recommendations
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' Interior Data Gathered During

Assessments
] . Water
[l Sy ] conditioning/ Chemical usage

treatment




Wastewater Quality Data Gathered

& Flows (daily water meter data)
@ Qrganics (BOD5, COD and TSS)

) Nutrients (nitrogen and phosphorous)



SSTS Data Gathered

Septic tank pumping frequency
Problems and challenges

Type and number of septic tanks

W b

Method of conveyance (gravity,
siphon, or pump)

Size and status of SSTS
Vegetative growth over the SSTS
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Risk Assessment — Rating &
Weighting

1. Rating - Combine 1-5 rating scale with an
importance factor (weighting)

2. Weighting value determined by case-based
reasoning (CBR) of risk to system function

* Low '
* Medium ' ‘

*  High B 5



Risk Rating

Based on MN DOT existing rating scale (1-5)

18 properties that best differentiated and
Indicated risk selected

Expert knowledge utilized to rate each
property



Risk Assessment
Example— Average Daily Flow

Flow Value (gpd ) Number of Risk Factor
Systems

0- 999 8 5

1,000 - 2,499 6 4

2,500 - 4,999 14 3

>5,000 2 1




Risk Assessment
CBR Examples

Average flow 1.5

Surfacing of effluent WP

Aquifer sensitivity 1.5

Amount of separation pi
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Results

High risk systems (2) = 7 SSTS

Medium risk systems

. (3) - 26 SSTS
- (4) - 14 SSTS

Low risk (5) = 5 SSTS
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Follow up Research




2016 — 2019 Research
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Water table monitoring — ongoing*
Education display design and installation*

Sampling of flammable waste traps at truck stations — phase
|*

Development of O&M manuals
Water use study*

Toilet paper analysis

Water softener analysis



' Example of Water Table Monitorin

Depth from Surface (feet)

2018 Rum River Rest Area

Date
4-May 3-lun 3-dul 2-Aug 1-5ep 1-Oct 31-Oct

m— 05t Piez: Max Water
Level (1 ft)

Redox |0 ft)

w1 miulative 30 year Precipitation Monthly Averages (inches)

= Depth to the Bottom of the Distribution Media- Mound (-3 ft)

2018 Daily Cumulative Precipitation: 27.71 inches

1989-2018 Average Monthly Cumulative Precipitation: 23.64

s 35T P02

Diry Depth (1 ft)
— 25T i

Dry Depth (1ft)

m— 1018 Cumnulative Precipitation (inches)

5]

itatifn {inches)

Prec
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Water Use Study

* In 1979, MnDOT collected data for design of rest area water
supply and sewage treatment designs with water-conserving
devices people used 2.8 gallons, while non-water-conserving
devices used 4.5 gallons

* In 2016 we evaluated use per person at 12 rest areas -
interstate or non-interstate all with water-conserving devices:

* Results
* Interstate — 2.7 +- 0.6 gallons
* Non-Interstate — 1.8 + - 0. 7 gallons

Less cleaning or water treatment on the noticeable difference
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Investigating Wastewater Reuse

at Truck Stations

Evaluate the potential
and effectiveness of
wastewater reuse at
MnDOT facilities

Evaluate when reuse
makes sense from a

regulatory, environmental,
economic and
management perspective
at truck washing/storage
facilities and safety rest

areds

Provide

recommendations on
the most appropriate
applications for reuse
and the challenges
with implementation

24



' Sampling of Wash Down Water
from Truck Stations

e Goal — determine if washdown water from salt trucks can
be reused for brine production

* Findings
* Organics — Organics will need to be dealt with

* Chloride levels do exceed the allowable discharge standard, but
because the likely reuse will be to make chloride brine, this is not
of concern

- MnDOT has installed two pilot reuse facilities to create
brine from truck washing wastewater



1. Water table monitoring —
ongoing*

2. Flammable waste traps —
Phase II*

- Reuse demonstration
3. Soil properties — per post
installation — Phase |

4. Contaminants of emerging
concern (CEC) - Phase I*




Chemicals of Emerging Concern
(CEC) & Treatment in SSTS
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' Research on CECS at SFA

Understanding how CECs move through a SSTS:

1. Are there CECs present at each sampling area?

: 2. If so, at what concentration do they occur and how are they

reduce?
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Field Study Results

e 6 CEC undetected

e 15 CEC in Effluent/Septage,
but not groundwater

e Site #1 - 14 detects in soil,
Site #2 - 12, Site #3- 1,
Site#4 - 0

 Septage/Tank Effluent >
Groundwater > Soll

Warfarin-  #
Virginiamycin M1 -
Tylosin -
Trimethoprim - I+
Triclosan- [
Triclocarban -
Thiabendazole - fe
Sulfathia
Sulfanilami
Sulfamethoxa
Sulfar
Sulfameth.
Sulfamerazine- |
Sulfadimethoxine -
Sulfadiazine -
Sulfachloropyridazine -
Sarafloxacin -
Roxithromycin -
Penicillin V-
Penicillin G-
Oxolinic Acid -

Oxacillin -
Ormetoprim -
Ofioxacin - +

Norgestimate -
Norfloxacin -

laproxen - oo f
0
Ibuprofen - ]
Hydrochlorothiazide - -
Glyburide- -} »
Glipizide- o}
Gemfibrozil - {
fo
S i
2ne

Diphenhydramine -
Diltia

Digoxigenin -
Dehydronifedipine-4 *
Cloxacillin -
Clinafloxacin -
Clarithromycin-  —{I—
Ciprofioxacin - =

Carbamazepine -
Carbadox- |

Caffeine -
Bisph
Azithrom
Acetaminophen - —{T
2-Hydroxy-ibuprofen - _{%

Hy(
Dimethylxanthine - »

1

o

Rum River CEC Concentrations

STU

Warfarin -
Virginiamycin M1 -
Tylosin -
Trimethoprim -

Sulfanilamide -

Sulfamethoxazole -
Sulfamethizole -
Sulfamethazine -

Sulfam

Sulfadimethoxine -
Sulfadiazine -
Sulfachloropyridazine -
Sarafloxacin -
Roxithromycin -
Penicillin V-

Penicillin G-

Ormetoprim -
Ofloxacin -
stimate -

Hydrochlori y
Glyburide -

Glipizide -

Flumequine -
Enythromycin-H20
Enrofio
Diphenhydrarr
Dilti
Digoxin -
Digoxigenin -
Dehydronifedipine -
Cloxacillin -
Clinafloxacin -
Clarithromycin -
Ciprofloxacin -
otaxime -
Carbamazepine -
Carbadox-
Caffeine

Acetaminophen -
2-Hydroxy-ibuprofen -
1.7-Dimethyixanthine -

1e+01”
1e+03

104Ns

So

Warfarin -
Virginiamycin M1 -
Tylosin -
Trimethoprim -
Triclosan -
Triclocarban -1
Thiabend 5
Sulfathi
fanilan
Sulfamethoxa;
Sulfamethizole -
Sulfamethazine -
Sulfamerazine -
Suifadimethoxine -
Sulfadiazine -
Sulfachloropyridazine -
Sarafloxacin -
Roxithromycin -
Penicillin V-

Penicillin G-

Oxolinic Acid -
Oxacillin -
Ormetoprim -

oxacin -

nefloxacin -
Lincomycin -
Ibuprofen -

Fluoxetine - |
Flumequine -
Ensthromycin-H20 -
Enrofloxacin -
Diphenhydramine -

Dehydronifedipine -
Cloxacillin -
Clinafloxacin -
Clarithromycin -

Caffeine -
Bisphenol A- 1
Azithromycin -

Acetaminophen -
2-Hydroxy-ibuprofen - 0«
1,7-Dimethyixanthine -

log10 scale

Triclocarban -
Thiabendazole -
Sulfathiazole - I
Sulfanilamide -
Sulfamethox
Sulfam
Sulfamethazine -
Sulfamerazine -
Sulfadimethoxine -
Sulfadiazine -
Sulfachloropyridazine -
Sarafloxacin -
Roxithromycin -
Penicillin V-

Penidllin G-
Oxolinic Acid -
Oxacillin- |
Ormetoprim -
Ofioxacin -
Norgestimate -

cin- |

Lincomycin- 4
Ibuprofen -
Hydrochlorothia h

Dehydronifedipine - i
Cloxacillin- 1
Clinafloxacin -
Clarithromycin -
Ciprofioxacin -
Cefotaxime -
Carbamazepine -
r

ammc-pﬁen y ']]
buprofen - .
7-Dimethylxanthine - of o

7

UNIVERSITY OF MINNESOT
Driven to Discover*




1.
2.
3.
4.
5.
0.

2022 — 2025 Research

Water table monitoring — ongoing
Temperature monitoring
Flammable waste trap — Phase llI
CEC Phase 1I*

Groundwater mounding

Soil properties — per post installation —
Phase Il

Septage - Characteristics and disposal
options*

Septic tank performance modifications




Research on Septage Objectives

*  Primary: Characterize rest area
septage

e Determine whether current
maintenance practices (e.g.,
pumping frequency) could be made
more efficient

* ‘Exploratory’ investigation of PFAS
in rest area septage
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Water Resources Center
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Home About « Workshops Research Resources «

MnDOT research projects
Flammable waste trap solids

¢ Investigating flammable waste trap solids at MnDOT truck stations (PDF)

¢ |Investigating flammable waste trap solids at MnDOT truck stations (Year two report) (PDF)

MnDOT truck stations

¢ |nvestigating wastewater reuse at MnDOT truck stations (Technical report) (PDF)

¢ Investigating wastewater reuse at MnDOT truck stations (Full report) (PDF)

e Septic system evaluation at rest stops, truck station, and weigh scales (Final report) (PDF)

Additional studies

e Truck wash water reuse for brine production (Final report) (PDF)

e Characteristics of rest area water softeners and their effects on chloride in septic systems (PDF)

e Water use study at rest stops (Task report) (PDF)

Septic.umn.edu/mndot
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