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Program Goal

The Water Management for Power Systems FWP seeks to understand the cost of treating as
well as developing novel processes to treat effluent streams generated during fossil energy
extraction and conversion into energy products

Tasks: Principal Investigators

o Task#2: Guiding R&D for Treatment of Fossil Power Plant Effluent Streams Alison Fritz, Chad Able

« Task#4: Concentrating Wastewater Effluent Streams & Resource Recovery Nicholas Siefert, Charlofte Rutnik
« Task#5: Metrics for Water Use of Power Systems Erik Shuster, Haleigh Hell

« Task#9: National Energy Water Treatment & Speciation (NEWTS) Database Burt Thomas, Rachel Yesenchak
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Produced Water from Oil&Gas Wells and Water Consumption at Thermal Power Plants

Distribution of Oil & Gas Wells Power Plant Water Withdrawals:
Cost of SWD of produced water $5-5$12 per m?

Cooling Technologies

. Once-through

. Cooling pond

. Recirculating

I oo

Oil W Gas W Oil & Gas W Dry

Data depict .25-mile cells.

US generates 4 billion m3 of produced water per year
2 billion m3 of produced water reinjected for EOR
2 billion m? of produced water to SWD US consumes 50 million tons per year of road salt

Potential for ~100 million tons/yr of salt and ~10 kton/yr of Li World mines ~20 kton per year of Lithium (as Li)

US power plants consume 4 billion m3 of fresh water per year
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Energy Wastewater Characterization TLJiasorarory'

,, « To accurately model treatment and byproduct recovery costs
for energy wastewaters, we need complete composition data.

 CoDaRT (Constituent Data Replacement Tool) was developed
iINn python to predict missing constituents in a user’'s water data
set using machine learning techniques.

@

CO-DART

CONSTITUENT DATA REPLACEMENT TOOL

Initialization and Options

. . . . Feature Selection
* The tool applies machine learning algorithms to replace

missing data

Handling of Classifiers (if any)

Train/Test Split Creation

e The tool can use the user’s data alone or combine user data

. . . Model Deployment
with publicly-available NEWTS datasets.

Selection of Best Model

 Will be made available in FY24 for public download via EDX

Replacement of Data
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Task 2: Machine Learning Approaches for N
Energy Wastewater Characterization T

CO-DART GUI Cee : :
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Example data replacement performance for the
NEWTS USGS Produced Water Database.
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Task 2: Machine Learning Approaches for
Energy Wastewater Characterization

Before data replacement
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After data replacement
Si Sn Sr \" w Cl S04 Br cOo3 HCO3
9 0.003 50 72555.7 699.317 241.584 505.966
8 0.012 30 33319.8 657.754 107.375 534.926
15 0 60 36474.6 652916 173.316 536.389
8 0.003 50 0 579129 681.402 209.881 567.832
4 0.003 60 0 88250 715.62 295.268 446.584
5 0.003 50 0 0.01 26524.2 645.571 102.513 507.962
0 0 100 131692 753.957 517.399 240.983
3 0.003 150 0 68915 674.23 302.664 452.968
5 0.003 50 0 0.01 36474.6 654528 173.316 527.919
2 0.003 300 114946 703.783 441.735 330.563
7 0.003 60 0 0.01 45373.4 661.873 222.138 492.484
5 0.002 80 0 34371.4 649.69 129.355 483.481
100 0.02 669.15
500
200 0.01 3139.65 22.5239
150 0.01
150 669.15
150 15 0.015 17107.6 640.467 70.3026 583.089
100 0.013 10 0.04 6372.5 631.419 454.124
1 0.025 900 232002 651.796 2202.49 140.296
1 0.07 300 189937 748.572 1323.28 121.017
1 0.01 300 0.008 197784  757.53 1350.12 360.498
0 1000 0.01 208301 644.625 1569.92
0 1000 0.025 197784 644.625 1350.12
0 300 176752  757.53 910.512 51.1679
0 300 176752 757.53 910.512 81.1031
0 150 0.01 176752 781.724 910.512 93.7455



https://edx.netl.doe.gov/dataset/rittenhouse-et-al-1960s-historical-archived-produced-water-dataset
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Assessment of combustion residual leachate: Local treatment needs and CM recovery

Resources, Conservation & Recycling 205 (2024) 107535
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Contents lists available at ScienceDirect
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ywords: Combustien residual leachate from landfills and impoundments at coal-fired power plants represents a large
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'E https://doi.org/10.1016/j.resconrec.2024.107535 Recoverable Elements in Landfill Leachate, in Terms of
Element and Total Market
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10lb brine for industrial
ilfield applications

Salt Converted
Into 10lb Brine

. Nicholas Siefert (NETL, Pl)
Task#4: Concentrating Wastewater Marcus Poyer(LRST)

Effluent Streams & Resource Recovery Char'otLtaen'::tS:]k((‘klR\fJ;
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Synergies between PW and FGD Effluent N |recoroey
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* Appalachian produced water is high in divalent cations (Mg?*, Ca%*, Sr**; Ba?")
* Power plant FGD effluent is rich in sulfate (SO,%*)

* Potential to make up to 0.4 million tons per year of Barite (~$70 M/yr)

* Produced water has reducing species (NH,*, Fe**; C,H,0,)

* FGD biological treatment reactor need these reducing species
* Power plant FGD effluent has oxidizing species that
need to be reduced NO;-, NO,", SeO,*, SeO,*, CrO,*

* Synergies make PW&FGD co-treatment advantageous



https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-barite.pdf
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https://netl.doe.gov/sites/default/files/publication/Water-Energy%20News%20-%20Autumn%202023_Special%20Edition.pdf

PW & FGD Effluent Treatment Process Flow Diagram

Recirculation
W28 A Sulfate-rich Stream Ba-rich stream
1 HCl(aq) l 1
FGD Effluent l . .
»| Softening Mixing
P
=
:
]
i
3
7
BaSO, Solids

CaCO; Solids

Figure from: Ahmed et al., 2024,

“Co-managing Flue Gas Desulfurized el
Effluent and Produced Water Offers Water Recovery RO-concentrate A 0 Y Gl T

Opportunities of Critical Minerals and (low-salinity) (high-salinity) in RO Concentrate
Water Recovery, under review.

12



Pilot-scale Co-treatment of FGD Effluent and PW

Secondary Coiltainment O

ISludge Flow

Experimental setup at WvU

FGD Effluent BaSO, Settling

CaCO, Mixing

FGD Effluent Settling Tank 2

Sludge Flow ‘ NF Concentrate

A 4
e\

RO Permeate Acidification

NF
Permeate
RO Concentrate I Top (plan) View

Schematic




Nanofiltration System

HERRET

Flow direction

Flow direction

Front view Side view

Four NF 270-4040 elements connected In parallel

14



Reverse Osmosis (RO) System

RO-permeate

N

(Front view)

RO 6

RO 5

RO 4

RO 3

RO 2

RO 1

jt/ Pressure Valve

RO-concentrate

Six SW30-4040 elements connected In series

15



Calcite (CaCO:s) Production from Softening

L4 r‘"‘_‘ Y. b3 Softening sludge from actual wastewaters

5 - #7 2. @ 100
> "ﬁ 4 g:" g e N %0 - Sample Peaks
E 2 His 9 XRD —— CaMg(CO3)3
> z 0
f o
= n Ao AN
0 o, e H_;.-FLJIILJI.L)’..IIL__.__/\TM . . .
20 30 40 50 60 70 80 90 100
100 -
%0 | Sample Peaks
2 —— CaC03
z Y]
Element Atomic Weight (%) £ 40
3000 o B i 0.13 ‘ E | \ .
2500 EDS Sa ﬂ;f I T W Jk-ﬁ__l'\_.]'f‘..l’ﬂ&_u N e | |
Ca o 4447 20 0 40 50 60 70 80 90 100
Mn 0.06 Position (26), Copper (Cu)
? 2000 ﬂ Na 0.49
S 1500 " o * Na.COs requirement: ~35 kg /m3 mixture
Si 0.14
,_qf 1000 Mg Cl 3.87 ) _ ) ) )
C * Production yield: ~30 kg/m? mixture (high-yield)
500 A Nafl; § < ol
« SEM-EDS & XRD: calcite (CaCO,)

0 1 2 3 4 5 6
lonization energy (keV) 16




NF Operational Results

Secondary Containment

O

FGD Effluent

A]ASludge Flow

BaSO, Settling

FGD Effluent

CaCO,
Settling

NF Concentrate

Sludge Flow ‘
v

RO Permeate

RO Concentrate

NF
Permeate

Top (plan) View

—o— NF Inlet —&— NF Permeate
—ﬁt) = Applied Pressure (bar) —6— Permeate Flux

—<o— NF Concentrate

16

14

= 4.0

% 12 &
g % 3.0 10 %
2 £2.0 g
=3 -

—& 1.0 + i

- 2

2.0 +—r—r—A+—rr—rt+rrtt—trt-—t-——-—t——e— 0
0 S 10 1S 20 25 30 35 40 45 S50 S5 60 65
Operation time (minute)

Parameter 0-45 min  (45-65 min)”
FGD flow (gpm) 3.0 1.25
NF inlet flow (gpm) 3.0 3.5
Feed pressure (bar) 24.3 34.5
NF-permeate (gpm) 1.8 2.0
NF-concentrate (gpm) 1.2 1.5
PW flow (gpm) 1.3 1.5
Permeate flux (LMH) 13.0 14.9
NF-permeate recovery (%o) 60 67
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Barite from actual wastewaters

NF-conc: PW Mixing - Barite (BaSO,) Production

Position (28), Copper (Cu)

* Dry density: ~4.1 g /cm?

%0 | XR D Sample Peaks
) | —— Bap 130455187
< 1
= a0
[l |
£ 401 .
= | |

D .IL_AWT‘IH ot HL...HLI M f
20 0 40 S0 al 70 50 90 100
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] |
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g | L |

20 1 . | ,

| v AR | 1
0- - T
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Meets APl Specs

* Production yield: ~7.5 kg/m3 mixture

. SEM-EDS & XRD: Barite (BaSO,)
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Low Salinity Water Recovery by Reverse Osmosis

—o0— RO Feed (gpm) —&—RO-permeate (gpm) —o—RO-concentrate (gpm)

Analyte RO Inlet RO-concentrate RO-permeate

— 0— Applied Pressure (bar) —— Permeate Flux (LMH)

5.0 g 100 mg/L
L4 et oS- 230 B 189 498 117
5%;‘:2 200 51700 o - £ Ba¥ 0.07 0.43 0.006
5530 ~ (21 bgr ~50 t?ar) 0 % Ca” 153 2220 0.0
£ 325 s0 & Mg* 1,270 7,321 1.6
o ——— e e SR 17 96 0.024
210 o & Na' 1,790 9,353 130
“ 05 s 1 T e 7 44 0.01
" é - IIIOI - IIISI - IZIOI - I2ISI - 3I0 ) IZ’;SI - I4I0I - I4ISI - ISIOI - ISISI i I6IO *0 Cl_ 6’928 39’076 182
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40
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o
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5 10 15 20 25 30 35 40 45 50 55 60
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Results Summary - FGD-PW Co-treatment

Recirculation, 2.75 gpm

E Na,CO,(s i .
: 2C056) 37% HCl(aq) Sulfate-rich Stream : Ba/Sr-rich

E 35 ke msl | 1.32 mL/ gallon feed 1.5 gpm 1 i 1.5 gpm
1.25 gpm : Suﬁening 3.5 gpm 1 e i
—'- 1Xin i
FGD Water | pH: 8.5 s |
E ~15% ~8% i
! solids NF-permeate | 2 gpm olids l
E 0.5 gpm 0.25 gpm i

CaCO, Solids 2 gpm —p BaSO, 5‘-"':"5

30 kg/m? i RO-concentrate 7.5 kg/m

1.74 gpm | (hyper-salinity)
RO-permeate
ow-salinity) o easem
104 i Mechanical | Figure from: Ahmed et al., 2024,
............. O 2208 L i “Co-managing Flue Gas Desulfurized
w Potential Waf)er Recovery D(‘;g!:;“e ' | Recompression | | Effluent and Produced Water Offers
v (71%) L i Opportunities of Critical Minerals and
| — | .
S l Water Recovery, under review.
STATLER v
COLLEGE 10-1b Brine (320 g/L) 20

0.06 gpm
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Motivation for NEWTS Database
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Prior state of energy-water data

Energy process wastewater dataset were incomplete,
non-standardized, and/or difficult to access

Regulated by different federal and state agencies
« Many datasets were not easily downloadable

Many datasets list elements, not the species or redox
state, e.qg. Fe(ll) vs. Fe(lll)

Existing datasets are initially not formatted for input into
modeling and water freatment software

High-quality, detailed datasets are necessary to design
treatment technologies and to understand cross-industry
wastewater re-use opportunities

.S. DEPARTMENT OF

T L TECHNOLOGY
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YSIS, INC ML UL

6701 Aberceen Avarus, Sute Lobbock  Teras 79424 BOO7E296  BOB-TOA-1258 m- nma
200 East Sunset Road, Sute E h- Teas 7692 5155853443

5002 Basin Sywst, Siutz A Teras 79700 u-cm m“m
Mﬁlhﬂ.“lﬂl h_ um 972-2a2.

Certifications
WBE HUB NCTRCA DBE NELAP DoD LELAP Kansas Oklahoma ISO 17025

Analytical and Quality Control Report

Report Date: June 11, 2015

m“:-s Work Order: 15052210
: BB
ion:

1016
Mmmumadymmmﬂmmmubum The Quality Control Report is generated on a batch

basis. All information contained in this report s for the analytical batch(es) in which your sample(s) were analyzed.




NEWTS Public Group on EDX
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Q Search @ Contribute & Groups B Portfolios

Submissions Activity Stream About Nominated Submissions

Find data products on EDX... Q Last Modified -

O

NEWTS

DATABASE

17 submissions found

Geospatial:

oy

Data from the US EPA Leachate Database containing ash landfill leachate data from selected U.S. coal power plants. Original
data from: Nguyen, Dan-Tam, Eastern Research Group....

Lo [ esv L ont)
Show Rescurce

Products: NETL:

NEWTS EPA Leachate Dataset
d) 10.18141/1909007

NEWTS National Energy
Water Treatment and
Speciation Database
Datasets from the National Energy
Water Treatment and Speciation
(NEWTS) Database, including water
quality information on streams from
energy processes. read more

NEWTS EPA Ash Dataset
d>) 10.18141/1909006

y

Data from the US EPA Ash Database containing Ash pond effluent data from selected U.S. coal power plants. Original data from:
Nguyen, Dan-Tam, Eastern Research Group. Sep 29,...

TE TECHNOLOGY
LABORATORY

28 Workspaces & Tools 2 Users

NEWTS

DATABASE
NATIONAL ENERGY WATER TREATMENT & SPECIATION

» NEWTS Data Catalog
» Overview Video
> Training Videos

https://edx.netl.doe.gov/group/newts

» Original data as well as each step
along NEWTS standard formatting
for input into OLI & GWB

> Templates for direct input into OLI
Studio & Geochemist’'s WorkBench

> Case studies



https://edx.netl.doe.gov/group/newts

National Energy Water Treatment & Speciation Database

Leveraging NETL R&D Core Capabilities
Solution: Develop a Nationwide d
Power Plant Effluent Streams
Energy Wastewater Data System '/ an
w
¢ SUpp|emenTed W|Th ThermOdynOmK: & Abandoned Coal Mine Discharge

chemical modeling

* Includes waste streams such as:
« Ol & gas produced water o&G
« Energy sector effluent (FGD, etc.) M ater
* Acid mine drainage (OSMRE)

 Landfill leachate

R : Add water quality attributes
Brackish ground water using thermodynamic and a4
«  And more agueous chemistry modeling, I I
. . and fill information across
> Enables design of localized treatment spatial and data gaps

> Publicly Available Data hosted &
displayed through NETL's EDX®, and a

custom visualization dashboard Enabling researchers &
industry to tailor
B treatment steps to
E EA%X ( O‘ localized needs

Energy Data exchange

U.S. DEPARTMENT OF
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Assess localized
composition values,
scaling potential,
osmotic pressure,
estimated flow rates,
temporal information




NATIONAL

LABORATORY

NEWTS Database Dashboard > ) - : 5 : Sedimentary basin:

National Energy Water Treatment and Speciation

o]0 o &)

Legend

NEWTS Federal Level Dashboar ¥ ENERGY
[=]

U.S. EPA Leachate Data

Tof@nto W/

s%va

' U.S. EPA Gasification Data

U.S. EPA Ash Data

A

Cravotta & Brady AMD Data
L}

Atlanta 1 > Xy Power plants (FGD effluent samples)

o " Enables data
roduced water samples by data source
4 ; S : iS!?_?f Produced Water Database v‘suqllzqtlon'
) EL S : exploration,
% % USGS Brackish Water Data
: : and download

Hydrologic features

MEXICO

)
San Luis Potosi

Regions (HUC2) production

et (WBD) CS. USGS w rther federal. state and local aa Reoresentatives from manv acenc

. DEPARTMENT OF

NERGY NEWTS Federal Level Dashboard NEWTS Dashboard Storymap



https://netl-doe.maps.arcgis.com/apps/dashboards/a5fa4192f7c6478dab3d6180d9c30b84
https://storymaps.arcgis.com/stories/02a7932dd5854bd09ee7f91ae0ee4ac6

° ——INATIONAL
Integrating Water Volume Data N= e ooy
. TL LABORATORY
« Acquired 5,096,329 well records (Enverus) e “ Iotal Water Production

Winnip(

)

AR
s
DS pA ki
S,

« Spatially aggregated 5,044,327 records to
Hydrologic Unit Code 8 (HUC 8)
subbasins (grey outlines on map)

of Producing Wells

-,

32
)
R

. (%

T

L8

5

 Reducing to HUC 2 values for CM level
estimates

« Production data spatially compiled by well
status (i.e., active, injecting, abandoned)

« Well count

« Cumulative production . f\/\illlior;sv\cffT
: arrels o arer
- Water, Qll, Gas W oo

« Vertical depth statistics B 100- 500
« Supports at-depth . 500 - 1,000 < \
composition I 1,000 - 2,000 f.‘ “41;‘3 ! 2
. Temporal frends L] 2.000 - 5,000 s

* PrOdUCing monThS |:| S,OOO B ]Otooo e . Esiglisag o1t Garmin, FAG, NOAA, oQuerétaro .
statistics L] 10.000-21370 e tacy Data Source: Enverus

CUBA
c)San Luis Potosi

uadalajara

.S. DEPARTMENT OF




New! NEWTIS State-Level Dashboard N=|Ee

Visualization tool for energy-related waste streams TLJiasoratory

NEWTS State-Level Database Dashboard AnoN P Sedimetiary basiee ¢ 360,000"' sam p | esS

CHNOLOGY |
National Energy Water Treatment and Speciation = ] {

Sample list: Gil Oil refinery wastewater: Mine drainage: Coal ash leachate:

517 samples 177 samples 97,384 samples 9,564 samples

avg avg.TDS: 2,143 mg/L avg. TDS: 2,190 mg/L avg. TDS: N/A ® D O -I-O fro m STO -I-e
- - agencies, industry, &
Data Source: Wyoming Oil & Gas Conservation Comiss
e e localized research
NEWTS Source ID: 3791 ) H
: projects

County/State: Laramie, WY
Basin: DENVER

Sample Date: 2/15/2013, 7:00 PM
Sample Description: WELLHEAD

CANADA

Geochemical measurement units (.

Avg. concentration (mg/L)
Avg. concentration (mg/L)

&, S « Aggregated using
Ry python & attribute
A o AN mapping schema

Mg: 3 s Average Flow Rate by Water Type
MEXICO

« Water types:
« produced water
« oll & gas
* mine drainage
« power plants

Critical minerals:
. Co: 7
Li: Co: VENEZUELA
. 7
Ni: Mn: COLOMBIA

/

Avg. flow rate (cubic ft/sec)

Data Source: Colorado Oil and Gas Conservation
Commission. (2014). COGCC Oil and Gas Analytical
Database [Data set].
https://ecmc.state.co.us/documents/data/downloads,
ronmental/ProdWelIDownLoad.html

PERU
¥

Legend Disclaimer

‘ For more information on the dashboard layout and functionality, see documentation. I I

ST

Voo % U.S. DEPARTMENT OF

j ENERGY WTS State-Level Dashboard NEWTS Dashboard Storymap 27

@



https://netl-doe.maps.arcgis.com/apps/dashboards/59bb24f5092147378663bc34ec062936#mode=edit
https://storymaps.arcgis.com/stories/02a7932dd5854bd09ee7f91ae0ee4ac6

Connectin

Sample list:

Unique ID: 1_Cravotta_ AMD
County/State: Schuylkill, PA
Mine type: Deep

Brackish water:

119 samples

avg. TDS: 85,916 mg/L

Acid mine drain{

94 sampl

avg.TDS: 2,668

Sample description: Porter Tunnel Inflow
Treatment type: Active
Sample date: 5/2/2011, 5:00 PM

Geochemical measurement units (mg/L):

Total Dissolved Solids: 517

Major ions:
Ca:42.20
Mg: 32.80

Na: 27.10
Cl: 54.80

Critical minerals:
.10
Ni:0.23

Rare-earth elements:
La:

Pr: 0.00

S (1]

Gd: 0.00

Dy: 0.00

Er: 0.00

Yb: 0.00

Sc: 0.00

Unique ID: 2_Cravotta AMD

County/State: Schuylkill, PA

Mine type: Deep

Sample description: Rausch Creek Treatment Inflow
Treatment type: Active

Sample date: 5/2/2011, PM

Geochemical measurement units (mg/L):

Total Dissolved Solids: 228 &
N

Major ions:
Ca:22.10
Mg: 20.30

Blue Ridge
Parkway

Critical minerals:

Unique ID: 2_Cravotta_ AMD
County/State: Schuylkill, PA
Mine type: Deep

Sample description: Rausch Creek Treatment Inflow

Treatment type: Active
Sample date: 5/2/2011, 5:00 PM

o

lensmn-salem

Durham
o
ORalelgh

)Rocky Mount

oVlrglrﬂa Beach

U.S. DEPARTMENT OF

g NEWTS Dashboard to the Database

https://edx.netl.doe.gov/group/newts
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A/ Groups / NEWTS National Energy Water...

NEWTS

DATABASE

NEWTS National Energy
Water Treatment and
Speciation Database

Datasets from the National Energy
Water Treatment and Speciation

energy processes. read more

Followers Submissions

8 17

Submissions Activity Stream About Nominated Submissions

+ Create Submission m

Find data products on EDX...

17 submissions found

Q

Products: NETL:

Relevance -

Geospatial:

NEWTS USGS Brackish Water Case Studies
@) 10.18141/1890176

Y

Case studies from the USGS Brackish Water Database. Includes OLI Studio and Geochemist's Workbench files. Original data

from: Qi, S.L., and Harris, A.C., 2017, Geochemical...

[ oad | mxr [ xusx ]
B Dataset Size: 1.179 MB Show Resources v

NEWTS Coal Mine Drainage Dataset from Cravotta Brady (2015)
&%) 10.18141/1964003

oy

Data from Cravotta, Brady, "Priority pollutants and associated constituents in untreated and treated discharges from coal

mining or processing facilities in Pennsylvania, USA'...

B Dataset Size: 2269 MB Show Resources v/

NEWTS Database Dashboard
&%) 10.18141/1963919

oy

The NEWTS (National Energy Water Treatment and Speciation) database dashboard displays sites across the nation where

energy-related wastewater stream samples and composition...

B DatasetSize: 0 bytes Show Resources v



https://edx.netl.doe.gov/group/newts

onnectin

g NEWTS Dash

NEWTS Coal Mine Drainage Dataset from Cravotta Brady (2015)
@ 10.18141/1964003

License(s):
o' License Not Specified

Data from Cravotta, Brady, "Priority pollutants and associated constituents in untreated and treated discharges from coal mining or processing facilities in Pennsylvania, USA".

Applied Geochemistry, 2015. https://doi.org/10.1016/j.apgeochem.2015.03.001

Dataset includes information on water quality composition including inorganic compounds from untreated and treated streams of coal-mine discharge from coal mining and

processing locations. Data is provided in the original version as well as in a summarized version for easy input into aqueous chemistr-

Followers: 0

County/State: Schuy
Mine type: Deep

Sample description:
Treatment type: Active
22011, 5:00

cravottabrady2015_pa-amd_data_all-tabs.xlsx

(= ) -
x of' License Not Specified Sample date
o cb-pa-amd_lion-minning-grove-inflow_id_num-18.oad
of' License Not Specified View Info
cb-pa-amd_pbs-job-8-inflow_id-num-25.0ad
o' License Not Specified View Info
Ch cravotta_oli_input_data_only.csv
of' License Not Specified View Info
ch-pa-amd_consol-renton-mine-inflow_id_num-39.0ad
of' License Not Specified View Info
oli-template-for-cravotta-brady-2015.0ad
View Info

of License Not Specified

U.S. DEPARTMENT OF

'ENERGY

board

Unique ID: 2_Cravotta_.
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to the Database

https://edx.netl.doe.gov/group/newts

low Rausch Creek Trea Si
1 2

SNAME
MINE_NUM

Descriptio Redox State
Some Mines have multiple Streams_

STAID Station identifier used b 4.03619E+14 4.03748E+14
Lon_dd 40.60056 40.62994
Lat_dd -76.50583 -76.55399 -
Mine_Type. Deep Deep D
Pasei Active Active P
CaO Ca0 W
ow_Outflow I 1 I
DATE 110503 110503
TIME 1000 1230
Alkalinity Alkalinity Blank & Total Comb mg/L as CaCO3 5.3
TIC TIC mol C/L 2.39 1.38
Density g/mL
Specific El COND us/em 802 311
B(OH)3  Boron Hydroxide Not Meas mg/L of B(OH);

usch Creek Treatment Inflow

[l Download

el Download

[l Download

1.54E-01 1.296-01
By Download 1.46E-04 8.70E-05 1
7.31E+00 1.60E+00 1
9.85E-02 2.30E-02 ¢
2.71E+01 2.20E400 2
fl§ Download 8.11E-03 3.04E-03 2
7.90E-05 3.40E-05 2
2.05E-02 2.91E-02 2
4.20E+01 2.21E+01 4

o nar na A anc na

Original Data_Totals Only ‘ Convert mgperL mgperL Values Transpose Input to OLI Charge Balance ‘ Redox Species Summary



https://edx.netl.doe.gov/group/newts
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Ease of Input into Aqueous Chemistry Software [N

Geochemist’'s Workbench example

-
il

1 O ~| +sample |
File Home Insert Page layout Formulas Data Review View Automate Help \m\ Sample D - !
. S o -~ W
F4 v f ¥ Carbonate alkad ty |mg/l_as_CaCO| »
D E E G H 1 J K L - Si0z(aq) ¥ ~|mg/l M
4 |state [ |pennsylvar Pennsylvar Pennsylvar Pennsylvar Pennsylvar Pennsylvar Pent B(OH)3 & ~|mgn v
5 State Code 37 37 37 37 37 37 g o <|mgn N
6 [Covaty i = | WashingtoMch Geo
7 Geologic formation name Marcellus Marcellus Marcellus Marcellus llus Marcellus Man pur X ~fmg/ !
8 Reported Total depth of well, ft Cs* 0 »[mgh "
9 Total DisscTotal  mg/L 345000 261000 238000 206000 200000 228000 1 K+ O v|mg/l v
10 TIC mol C/L Li* I ~|mg/ M
i; COND :g;l 600000 570000 482000 480000 710000 4 : < il v e ‘
cm
13 |pH 5.2 556 59 59 58 Te mplate S tO C aS].].y IIlP llt ke * ~|moh "
14 Alkalinity Blank & Timg/L as CaCO3 7.495173 37.27599 38.07548 11.4926 26.0832 A40. Rb* V - |mg/ Y
15 Silica mg/L of Si0, ° ° , Ba** X v |mg/l H
16 Boron Hydroxide  mg/L of B(OH); 887 9% 658 91 56 lnto G ‘x/ B G e O Che ml S t S Ca*+ O ~|mgn Y
17 [Silver mg/L of Ag® 0.050  0.100 000  0.050  0.050 Cot* ® ~|mgi »
18 (Gold mg/L of Au® cut+ + «|mgn »
i Spreadsheet (GSS s
20 |Potassium mg/L of K 4080 1320 2920 461 1010 Pr e a S e e [ g % N
21 Lithium mg/L of Li* 148 172 123 127 158 = yg .
22 Sodium mg/L of Na™ 82500 88000 62600 47800 30400 o P 7
23 Ammonium mg/L of NH," 416 229 291 168 268 —
24 |Rubidium mg/L of Rb™ N £ ~|mgh ‘
25 |Baritm mg/L of Ba®* 2370 2500 1860 104 1990 Po © ~|mgh 4
26 Calcium mg/L of Ca®* 24800 17600 19100 24600 26200 S 7 v |mgh "
27 (Cobalt mg/L of Co™* 5 25 25 0.046 5 Zn++ < «|mg/l M
28 |Copper mg/L of Cu™ 0250  0.500 0.068 0032  0.250 Al A ~mg/ M
29 liron Il mg/L of Fe** (If specified, els 151 53.9 135 742 533 Cre+s T | mg/ »
30 Mercury mg/L of Hg®* 0.0002  0.0002 0.0002 0.0002 00002 [ X ~|mgn y
31 Magnesium mg/L of Mg** 1830 1110 1460 2320 1740 [vevey L < |mgn )
32 Manganese mg/L of Mn** 3 10 3 11 8 Speeer = <loan [
33 Nickel mg/L of Ni** 10.018 2 2 4 0.4 ar S «|mgn ’
34 Lead mg/L of Pb** 0.030  0.150 0.148 0300  0.030
35 |Strontium mg/L of Sr2+ 8460 3210 6280 4140 5350 CHyC00- € ~|mg! 4
36 Zinc mg/L of Zn®* 0840 0566 1790 0250  0.143 cr ¥ v|mgh Y
37 Aluminum mg/L of AP* 2.000  0.983 0.785  2.000 0.210 F- @ ~|mg/l M
38 |Chromium IlI mg/L of Cr** 0.0073  0.0244 0.0378  0.016 0.05 HCO3~ ¥ v [mg/l M
39 lIron Il mg/L of Fe** (if specified as o HPO4~ O +|mg/l M
< > o InputintoGWB  nputintoOLl = Summary Calcs «= > Hs- ® ~|mg/l M

U.S. DEPARTMENT OF
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Ease of Input into Aqueous Chemistry Software ¥E TECHNOLOGY
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Fle ~ Home Insert Page layout Formulas Data Review View Automate Help [ 3 Comments D d | & 2 | =7 K2 ‘
HATL G+ ]
9 v X ] . ¥ m!|»rma’§|
Navigator L ax
A B C D E F G H | J AF AG
- _l - Document1* H
1 _SNAME Descripti Redox State Porter Tur Rausch Cr Silver Cre|PBS Job 8 PBS Trent PB! = L T .
2 MINE_NUM 1 2 3 n 23 cravotta & Brady 2015_ Description [&¥ Reconciliation [£¥ Molecular Basis [ Report
& —
3 STAID 4.D4F+14 404FE+14 404E+14| 4F+14  4E+14 & Streams e I s = Reconciilation
4 Lon_dd 40.60056 4062994 4073417| 40.04333 400112 4 = WaterAnalysis =
5 Lat_dd -76.5058  -76.554 -76.1233| -78.8122 -78.9285 -7 E Reconcile Stimam Amount (1) - 00 ]
6 Mine_Type Deep Deep Deep Surface  Surface  Sul Temperaturs [-C) 25,0000 Feconcile
7 Passive_Active Active  Active  Passive |Active  Active  Act e l l l at e S [ —— 1.00000 @ Mo Reconcile
8 Chemical_trt ca0 Ca0 WetlandsNaOH ~ NaOH  Na - Recorded Properties O Reconeile pH
EI Inflow_Outflow | ! 1 1 1 1 1 1 Total Dissolved Solids (mg/L) 12800.0 O Reconcile pH A lk alinity
10 DATE 110503 110503 110503 110525 110535 ° Measured pH 6.22000 (O Reconcile pH Ak alinity/TIC
11 TIME 1000 1230 1430 1215 1345, t O e a S 1 Measured Alkalinity (mg HCO3/L) 432.000
12 DS Total Dissoh Total me/L " 517257 228" 3895 19525" 1305”7 Measured TIC (mol CiL) 112.000 [ Calculate Alkalinity
13 PH pH 351 6.26 589 6.38 576 Eterssiy IS o0
14 ini Blank & Total Comt mg/L as CaC03 5.3 36 122 313 ° ° Sreaticbicc kel s Rt 120000 Calculate |
15 TIC TIC mol CfL 239 138 189 404 203 ln = = '|
: Alkalinity pH Titrant H2504
16 Density gfmL u 0 - = Summary
17 Specific E COND usfcm 802 311 504 2150 1480 S Lomvt ] | m 450000
= P

18 B1.84 10.811 B(OH)3 Boron Hydroxide Not Meas mg/L of B(OH); ° ) Unit Set: Metric (mass concentration)
= OLI Studio = 2 ||| e
20 HzE o0 MSE (H30+ ion) Databanks:
o B{OH)2 o0 WSE (H30+ ion)

Be(OH)2 2.33000e-3 Using Helgeson Direct
22

Pd(OH)2 0.0 Nai/Cl Charge Balance (eq/L):
23 ANOH)3 0.283000 Cation Charge: 0187601 eqiL
24 BiloH)3 0 Anion Charge:  -0.189144 eqilL
ke e sz i Imbalance: -1.543182-3 saiL

Ba0OH 1.52000=-4
e 35.478 mlL of Na+1
27 813 4230008 is needed to balance

Ru[CHM £.37000e-5 - )
28 = Alkalinity Calculation

02 000 25.0000 °C 1.00000 atm
29 Sn02 0.0 )
=1 1 Calculation not done
11 Actions. 2 - = Tio2 0185000

Actions Zro2 2 E1000e-2
= Sb(OH)E 1.700005
33 T "‘a 420004
24 CEHECH 0.0
= o2 157000
36 129E-01 283E-01| 2.31E-01 117E+00 T~ Total lons (moil)
_ o
37 >
E S70E-05 193E-03| LS0E-05 17904 5. :':"" T mﬂ s
33 160E+00 1.30E+00| 3.14E+00 5.76E+00 3. Ceet S a0000ed
40 2.30E-02 4.50E-02| 2.40E-02 3.10E-02 9. Kl 11.3000 | ¥
41 2.20E+00 2.40E<00| 3.95E+00 9.85E+00 5. [ —
42 3.04E-03 251E-03| 298E-03 139E-02 5. v
43 3.40E-05 2.30E-05 144E-04 3. Advanced || Search || Add az Stream || Export |
44 291F-D2 2 02F-02| 111F-07 2 R9F-D? &
< » = Inputto OLl ' Charge Balance  Redox SpeciesSun == + @ 4 - » x| ||?| Save
—_— 4 4
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Integration with Modeling Software N=f(Ee

: = . TE TECHNOLOGY
Leveraging tools for filling data gaps & modeling freatment

LABORATORY

Y ! Baseline Data
I Controle ‘ Financial Data Uncertainty
rooTT Cr wo | ‘ Scenario Design Characterization
[ | CaiSiiga | |
1a2C03 To Mirer | Controller | | Analytical lnputs
o | e | vanpae ‘ ‘ Process S
_ | oo } Models
| o
Na2C03
| ‘ D o High Resolution System WaterTAP3
. sired Water odel Library Performance Data
Fovacle s : Output Quality (€.g. water OuUtpuL, energy Open-source techno-
Molecutar Exportof Reconie-. , recovery rates, etc.) ]
W | ewm | User Inputs usage, economic analysis tool
Mass (ghn) 53715267 | ’
|
— |
HaOH systems, inc. * 4
| - Cartr TouR Pipe Parity and System Level Analyses
NaOHTo Miver : Q 77777 from DAMS
o 17.9006 | e Process and NAWI
Mass (gin) 1.5225605 I s Soiids | : T e ToIR o Design Projects
| ol | Massgny | s3muer
‘ [
I
104 brine: |
10 Ib Brine: l
pH 203708 MFIUFIGas
CrmmeTT ,w—> Levelzed st Energy  Useof Water
water e of Water Alternative Intensity Reslllency
— — $/m? kWh/m‘ Energy m*/Unit  and Security
pH 10.2819 pH 609744 and water ' days to
Solds 2 Sdl‘ds Mass (gihr) 1.32859e6 Mass (g/hr) 3.21177e7| RBSO‘ }'(.es Resta’t
) T % Utilization

Input Water Stream Input Water Quality

I Géochemist's' R oter
reatment Desian National Alliance
systems, inc. w RKBENC H Softwa % g NAWI for Water Innovation

U.S. DEPARTMENT OF
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Data Catalog and Citing Datasets with DOI#’s TL [Ecinoroay

LABORATORY

Data NEWTS Dataset File Name (Original Data Citation

e Most NEWTS
oSt
) 1Qi, S.L., and Harris, A.C., 2017, Geochemical Database for the Brackish d h
USGS Brackish
0 racas usgs-brackish-water__all-tabs.xlsx Groundwater Assessment of the United States: U.S. Geological Survey https://doi.org/10.5066/F72F atas etS ave

Water Database data release, https:/doi.org/10.5066/F72F 7KK 1. un i que D O I # ,S
with citations

e Please cite if

[ ] [ ]
1 EPA FGD Effluent epa-fgd-effluent all-tabs.xsx Nguyen, Dan-Tam, Eastern Res-earch GFOL-JIJ, Sep 2%, 2015. Analytical https://www.regulations.gov/c uSln data ln
Database Database for the Steam Electric Rulemaking - DCN SE05359. OW-2009-0819-5640 b h bl
NEWTS EPA Leachate Case Studies rese afCh

&) 10.18141/1909011

License(s):
o' License Not Specified

Case studies of selected streams from the EPA Leachate Dataset. Includes OLI Studio and Geochemist's Workbench example files. Original data from: Nguyen, Dan-Tam, Eastern Resea roup. Sep 29, 2015.
Analytical Database for the Steam Electric Rulemaking - DCN SE05359. https://www.regulations.gov/document/EPA-HQ-OW-200%9-0819-5640

Followers: 0

D ata C at alog Authors

summarizes sources for
all data sets on EDX

Nicholas Siefert, Zineb Belarbi, Alison Fritz, Madison Wenzlick, NEWTS EPA Leachate Case Studies, 1/13/2023, https:/fedx.netl.doe.gov/dataset/newts-epa-leachate-case-studies, DOI: 10.18141/1%209011
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Providing Feedback

Ex National Energy Technology Laboratory © Supportand Services ~ Q Nicholas Siefert =~

[ Contribute & Groups B Portfolios a8 Workspaces

* Preferred option:

C O mme nt S O n Dataset Groups Activity Provide Feedback u  View Metadata T
SllbIl’llS S101s Can NEWTS USGS Produced Waters Database
b e S e nt thro u g h * Select a Star Rating for Submission Quality:

the EDX site WWWW W

* Leave Feedback Comment:

Email (optional):

e Or reach out to

d at a S e t aut l l O r S Please note that the email address field is OPTIONAL (not required). By providing an email address on this form, you are agreeing to allow this address to given to the original
contributor of this EDX submission. Providing an email address allows the original contributor of this EDX submission to contact interested users regarding any modifications to
listed for each

the content found within this EDX submission. If you have any specific questions regarding the intended use form please contact EDXsupport@netl.doe.gov
r e S Our C e - reCAPTCHA

I'm not a robot e
Privacy - Terms

Send Feedback €« Back to Submission

U.S. DEPARTMENT OF

) ENERGY
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Creating Your Own Data Submission N [rciotocy

LABORATORY

[ ]
O P tlon A National Energy Technology Laboratory © Support and Services ~ g Nicholas Siefert

EMNW  NETLs Energy Data eXchange ind data products on EDX... Q
1. Create an EDX account EWANn. rnddstaproductsen BB
&' Contribute & Groups B Portfolios a8 Workspaces 2 Users
2. Format dataset for easy _ i
lnput into aqueous @A Groups 'NEWTS National Energy Water...

chemistry software

L]
3. Smelt dataset tO EDX Submissions Activity Stream About Nominated Submissions I

uSing Create SubmiSSion O Find data products on EDX... Q Relevance -
4. Nominate to NEWTS O

Group NEWTS

17 submissions found Products: NETL: Geospatial:

NEWTS USGS Brackish Water Case Studies

d’) 10.18141/1890176 l

DATABASE
. Case studies from the USGS Brackish Water Database. Includes OLI Studio and Geochemist's Workbench files. Original data
O tion B from: Qi, S.L., and Harris, AC., 2017, Geochemical...
puo |
NEWTS National Energy 55 | 0ad | X1 | xisx
1. Contact NEWTS t t Water Treatment and ShowResources -
. ontac cam to Speciation Database
ASS1S t 1n data for m attln Datasets from the National Energy
. . Water Treatment and Speciation NEWTS USGS Brackish Water Database
and SUbl | llSSlon tO ED (NEWTS) Database, including water &% 10.18141/1890174 m
quality information on streams from o
aIld NE 0‘ T S g r Oup energy processes. read more Data from the USGS Brackish Water Database on brackish water compositions from across the US. Data has been filtered for
high salinity and completeness of data attributes. Data...
Followers Submissions @ m m
8 17 Show Resources

U.S. DEPARTMENT OF

ENERGY




NETL
RESOURCES

VISIT US AT. www.NETL.DOE.gov
@NETL_DOE

@NETL_DOE

@NationalEnergyTechnologyLaboratory

oD NEWTS

Burt.Thomas@netl.doe.gov

%%  U.S. DEPARTMENT OF
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NEWTS Team & Contact Information N=|Ee
TL LABORATORY

Nicholas Siefert!, Rachel Yesenchak?, Lucy Romeo?, Madison Wenzlick3,
Burt Thomas3 Alison Fritz3, Zineb Belarbi*, Devin Justman?, Isabelle
Pfander?, Michael Sabbatino?, Justin Mackey?, Kathryn Smith®

INational Energy Technology Laboratory, 626 Cochrans Mill Road, Pittsburgh, PA 15236, USA
°NETL Support Contractor, 3610 Collins Ferry Road, Morgantown, WV 26507, USA
3National Energy Technology Laboratory, 1450 Queen Avenue SW, Albany, OR 97321, USA
4NETL Support Contractor, 1450 Queen Avenue SW, Albany, OR 97321, USA
>NETL Support Contractor, 626 Cochrans Mill Road, Pittsburgh, PA 15236, USA
6Carbon Capture Scientific, 2940 Industrial Blvd, Bethel Park, PA, 15102, USA
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Task#5: Metrics Development

NATIONAL
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Developed Mission Metrics
Developing meaningful water program metrics that will resonate

with stakeholders

o

Emissions-Reduction
Tons CO2 abated

Energy Savings/ CO2 per
kWh

CO2 per kg of hydrogen
Water Consumption/Usage
Savings

American Jobs
Developing STEM
Workforce .
Jobs supported .
Upskilling workforce  *

°

(@)

¥

o o

Economic Impact
«  Exports
Impact to GDP
+  Reductionin cost of water / $$
savings from efficiency gains *
*+ Reduced Downtime

ov\f-s

Collaboration and Program

Interoperability .
Trainings given
University partnerships .
Industry partnerships

Knowledge fransfer via patents,
publications and conferences
Deployment/use of demonstration
test-beds

Environmental Justice & DEIA
Social & environmental impact to
disadvantaged communities
Workforce development
Access to clean and safe water /
clean water production
Collabs with underserved communities
Increased energy resiliency and
democracy

@

Water Infrastructure
Modernization of water
infrastructure
Power Plant system improvements
Improving availability

LABORATORY

TL
Applied to Projects

Applied metrics to RIC project to
communicate accomplishments and
utilize as template for communicating
successes of projects across the program

Making an Impact: Brine Extraction Storage Test (BEST) Site

The BEST faciliy Is  critical enabler of Specific Field Demonstration Successes

the rechnalogical advancement and r

commercial adoption of water treatment echanical m it Gap Supercritical
technalogies that target wreating q; Vapor Membrane OHIO water * Zeolite
produced water from oil and gas L Recompression Distillation Desalination Dewatering
E':‘kil;act I;rllj ;Rﬁ;ﬂc;lgjut,;(atfci :,_‘HDI!D?S; Thermal AGD technology | Electrically Utifizes zeolite
£l ' tes of prot tehy 1-7 2! treatment that combines powered membranes with
arTlow rates of approximarely gpm uses heat to thermal and distillation pore size of
| Test, assess, and | Produce Make salable | Reduce brine  distill high-salt membrane system with 74nm for
GOALS | advance alternative sources| products from | dispesal content water separation internal heat desalination at
- produced water | of water for produced volumes into steam, processes by application that | transmembrane
P treatment industrial or water which is utilizing allows for direct | pressures below
| technologies domestic uses condensed into hydrophobic control of power | 200 psi (scale: 0.5
= clean water microporous applied to the gom)
Accompllshments (scale: 2 gpm) membranes brine {scale: 1
Collaboration (scale: 1 gnm}) gpm) Uncovered
) ) MVR technology logistical
RISIL Pal;\znered w'fp J E_cafdﬁmlf and rﬁsgarcl:_ - ¢ | skid was Demonstrated Demenstrated considerations
ﬂrganlz: :;fr::s"re:u mglmtﬂtm‘:: cnt af I?ra_we i provided by operation of a greater than for deployment
_r[T)sseirt ocleraliaisestysutc et NETL for commercial 99.5% ion Identified
rines operation and PTFE membrane | rejection for membrane
5 Technology Advancement establishment with §7% ion Water recoveries | fragility and
f basel jecti d f 30-50% i
@ Enabled testing of 4 pilot technologies, allowing for each cerf:n?—::r?ce :)?:ra:rvr;:nrt‘ar © sealing isues
technology to identify key application potential and improvements perto b s of Identified during scale up
necessary to dri hnologies cl ial applicati metrics to be recoveries o scaling and that would not
ry to drive technologies closer to commercial application
compared to over 50% metallurgy have been
oj Economic impact “thher st issues driving | discovered using
U@u Enables savings of approximately $1-10M dollars in facility and technologies design and bench-scale
infrastructure costs and 6 months-2 years in time savings by construction evaluations
avoiding facility design and pre-treatment development maodifications

*1 of 2 infographics developed to communicate
accomplishments of Water Management Program




Task#5: DOE HQ Annual Accomplishments Report  [N=|NAToNAL
TL ) :50raTory

Applied metrics across the entire program to communicate successes in the DOE

Annual Accomplishments Report

Demonstrated Launched
7 technologies First-of-its kind digital
tools

Water Management
Technology voted

Top 100 150M

Private companies to make gallons of water
significant market impact a year

Technology enables single
powerplant to capture

U.S. DEPARTMENT OF

Enough to provide

Average American
households for a year

Downloads of digital tools

8’ SOO utilized by
30 organizations 30 state agencies

Upskilled and trained

1,369 115

Students, university
faculty, and state and
regulatory employees




Task#5: Portfolio Analysis

Conducted historical portfolio analysis of the Water Management Portfolio since 2018

Geographical Distribution of Performers

B :4awards

DOE Investment by Performer Type

[ 2-3 awards o
1 award v -
ur
No awards “ .
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Project Count Total DOE Investment ($M)
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Small Business
Nonprofit R&D
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Development Horizons and
Technology Types
Current Portfolio (As of
8/21/23)

Development Horizon - 2023 Active Portfolio

. Disruptive

Sustaining Radical

1

. Sustaining Incremental
11

Enabling

Technology Types - 2023 Active Portfolio

8 B Water Treatment
[ Systems Analysis
M Produced Water
m Digital Systems

m Cooling tower

Extramural




o ° - INATIONAL
Back-up Slides for Conference Proceedings ¥E TECHNOLOGY
LABORATORY




NATIONAL

Integration with Modeling Software S RS oo

Leveraging tools for filing data gaps & modeling treatment T LABORATORY

Integrating data streams with open source & P

commercial agueous chemistry modeling @ v

soffware fo: NEWTS R S

-+ Provide high quality case studies for DATABASE - —
modeling

- Information on precipitates and speciatfion NEWTS National Energy Water o

Treatment and Speciation B N e Preview o I

» Provide thermodynamic context including Database

by name... Date: Newest — Oldest

Preview or Jw UL

I

X

mﬂ

B

BR
AR

o fgd-case-study-621.0ad

H /1 Datasets from the National Enersv Water = License NotSpecified Preview o B
pPH, osmotic pressure, and activity T T
. . Alkalinity, HCO3 - 48.03| HCO3- me/L 18.03
i lugt. | i
coefficients, etc. T Eh .
Antimony Total ug/L mg/L
° ° ° * Arsenic Total /L 190.00| As04-3 mg/L 0.35
« Enable direct integration with tfreatment
Boron Total ug/L 167,106.67|B as B(OH]3 me/L 167.11
o Bromid Total ! 27.35]8r- mg/L 0.03
modeling soffware for ease of use e —
Chemicel Orygen Der| Tote - e/l N QWI National Alliance
Chloride Total 2,389.67|Cl- mg/L 2,389.67 | .
Chromium Total ug/L 200.07|cr{oH)3 me/L 0.40 k\-JJ for Water Innovation
° Cobal Total ug/L Cot2 me/L
L] C Total L 158.62|Cu+2 L 0.16
Software include: e — - T — .
. Magnesium Total ug/L 1,014,700.00| Mg+2 mg/L 1,014.70
|
d O I_l STU d I O Mercury EZ :z;t 89,133.33| Hg+2 :ZIL- 0.0

« Geochemist’'s Workbench
THE : WAVE Water
Lootont have Geochemist's: reatment Design

« NAWI Water-Tap3 w—m
systems, inc. OR ENC » >oftware

.S. DEPARTMENT OF
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Using OLI Studio to evaluate scale tendency of FGD effluent from Roxboro plant

Input into OLI Studio OLI Studio Output Report

Unigue_ID Analyte  Procedure Unit

Date Collectzd - - - 7/28/2008

Sample Point - - - Influ after set basin

Type of Wastewater - - - Settling Pond Effluent

Sample Desciption - - - Effluent from Settling Pond

Wastewater Classification - = = FGD Pond Effluent . -

Flant Name = = = Roxbora

- s Scaling Tendencies
Total Dissolved Solids Total n Total Dissi Total mefL

BH
i

— e Row Filter Applied: Values > 1.0e-4
BlOH]3 Boron Hydroxide — mg/L of B{OH); 441 0197022 POSt'Scale Q/K Pre-ScaIe Q/K

Tio2 Tianium dioxide  mg/L of TiD;

Eb[OH)5 Antimony hydroxide mg/L of Sb[OH), 0085772536
AOH)3 Aluminum mgfL of AllOH); 1487777778
e i o e Solids Post-Scale

Cro[oH) Chromium mg/L of CrO(0H) 0016346154

Agel Sitvar mgﬂ-ofAf' 0.0002

ot b e Fe{m ‘Bemﬂte] 1.00000

:::l. r;'::::lun ::ﬂﬂ.:x} o . . o

= et e o BasSO4 [Bllﬂﬂ’ 1.00000 Kinetic induction

Bat2 Barium mg/L of B2~ 0408 . .
= = e o PbSO4 (Anglesite) 0.0195029 time for scaling
Cot2 Cobatt me/L of Co” 0022 H

Cut2 Copper mglL of U™ 0016 Ca n be estl mated
Hg+2 Memrr msﬂ-ostz; 0.00118 0.0101336 .

Eg e, o Dt for Barite,

o = o = AgCl 1.96741e-3 Gypsum, Calcite,

Sre2 Strontium mg/L of Sr2+
n+2 Zinc mg/Lofzn” 0038 N
= o o
e tovvorn ot i Al(OH)3 (Gibbsite) 1.47368e-4 and Celestine with
Snts Tin mg/lofsn™ .
Br-1 Bromide gL ofer h I
e e o others (silica)
F-1 Fluoride mg/L of 9.4 . .
CN-1 Cyanide EfLof CN° I k I h f
o s Ikely In the Tuture
crog2 Chromate mgfL of Cr0."
5042 Sulfate mgll of 0.5 1200
5032 Sulfite mgll of 05
Se04-2 Selenate mafL of Se0.”
5e032 Selenite mg/L of Se0s
AsD43 Arsenic(V) Tetraoxid mg/L of As0."

PO4-3 Phospate mglL of PO




N: NATIONAL

«m |[ENERGY

TL TECHNOLOGY
LABORATORY

Task 2: Treatment and Byproduct Recovery
Baseline for Leachate and Produced Waters

Techno-Economic Modeling of Treating Energy Influent and Effluent Wastewater Streams
NEWTS USGS Produced Water Database Compositions, key

parameters adjusted using CoDaRT

To understand the performance improvements of new

technologies, it is important to develop a baseline. _ _
« Calculated median composition data for leachate and Parameter Name Nedian | Ml-aciusted
produced water
- Developed performance and cost estimates for landfill and Am?;ggr/:gﬂ T
impoundment leachate and produced water Barium, 'mg/L 5 355
Caevaielevcized BicanIr:g:;ggr/r:- /L 2;?(5)(1)5
Validate process cost of water Bromine r;]g /gL zi 4
o feasibility (LCOW) and —
Establish Optimize eneray consumed Calcium, mg/L 3,127.5
process gy Carbonate, mg/L 48.885
ngod?ﬁéis flowsheet Chlorides, mg/L 59,200 59,200
(NEWTS/EPR (equipment lodine, mg/L 10
data) sizes and Calculateion Caleulat Iron, mg/L 21
configuration) transport, aicuiare Lithium, mg/L 10.75 9.22
speciation, and concentrafion and Magnesium, mg/L 889.115 895.13
phases value of CMs Manganese, mg/L 0.885
OLI Potassium, mg/L 402.87
Silicon, mg/L 12
WaterTAP Sodium, mg/L 31,275 31,055
Strontium, mg/L 123.755
Sulfate, mg/L 1,438.375

.S. DEPARTMENT OF
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Techno-Economic Modeling of Treating Energy Influent and Effluent Wastewater Streams

Mechanical vapor compression was selected for
produced water treatment based on a literature review.

Distillate Pump

()
R

Distillate HX ~ Feed Mixer

iy

Evaporator/Condenser

Brine HX 4@
Brine Pump

Distillate

Brine

.S. DEPARTMENT OF

Produced Water Sensitivity Analyses

Liquid Waste Disposal Cost
Flow Rate

Operating Labor Cost
Evaporator Material Factor
Bulk Concentration
Utilization

Evaporator Cost

HX Evaporator U
Compressor Cost

HX Material Factor

HX Cost

HX Brine U

HX Distillate U Base Case LCOW = 19.2 §/m?

-6 4 -2 0 2 4 6

Preliminary Results

The levelized cost of water (LCOW)was calculated for this
system. A sensitivity analysis shows the LCOW is heavily
dependent on liquid waste disposal.
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Conducted historical portfolio analysis of the Water Management Portfolio since 2018

DOE Investment by Performer Type Geographical Distribution of Performers Development Horizons and
Technology Types
) Current Portfolio (As of
W = 4awards

N O 8/21/23)
EQm v

Project Count Total DOE Investment ($M)

i

University
Small Business
Nonprofit R&D
NETL

National Lab

afalc Development Horizon - 2023 Active Portfolio

. Disruptive

Sustaining Radical

TRL Progression by Performer Type

Data as of 8/21/23
Dielectrophoresis-Enhanced Capture of Metal Cations in Produced Water
Fossil Energy in the Hydrogen Economy - A Carbon-Wate r{nerﬁ Nexus Adaﬁt\'ve Evaluation Platform
Clean Water Production in (DDMHETDWErS
: Elenrudialﬁls Reversal Pilot Test ° ®
Advanced Dry-Cooling with Integrated Enhanced Air-cooled Candenser and Daytime Load-Shifting Thermal Energy Storage
Improvement of Coal Power Plant Dry Cooling Te:hnﬂlﬁﬁ muﬁh Aﬁgh:atmn of Cold Thermal Enerﬁ Stnraﬁe

Real Time Monitoring of Selenium Species, Mercury, and Arsenzin CFPP Wastewaters ° . U n iVe rs | ty
TXRF Real-Time Low-Cost Monitering System for Selenium, Mercury and Arsenic 12

A Spectroscopy-Based, Real-time Monitaring System with Integrated MachineLearning . i - i i
A New Membrane Based Treatment Pnéess for Re(laim'\n.ﬁ 2nd Reutlization of Produced Water Sma ‘ | Business Te Ch n OI OSY T}’PES 2023 Active PorthI 10

Fouling-Resistant, Chlorine-Tolerant Zwitterionic Membranes for Traatment of Produced Water in the Permian Basin 10
Non-Fouling, Low-Cost Electrolytic (uaga\at\un & Disinfection for Treaiinﬁ Flowback and Pm&(ed ‘Water for Reuse °
Resource Recovery and Environmental Protection in Green River Basin Using Selective Nanostructured Membranes
R e o e © Discovery (TRL 12) 8 W Water Treatment
‘Wastewater Recycling Using a Hygroscopic Cooling System .
Pt it st e S W Tt g ooty g @ Deveiopmen: (L 34 = Systems Analysis
FeD Efluent Mianagement Usipg an Innovative ng—Enera Biosorption Treatment System to Remove Key Contaminants . System Testing (TRL 5-6) [
ANovel Steam Condenser with Loop Thermosyphons and Fim-Forming Agen's . :
Enhancing Steam-Side Fieat Transfer via Microdroplet Ejection using Inorganic Coatin . @ Dcmonstration (TRL 79
Trace Element sampling and Partiioning Modsling to Estimate Wasteater Compos uon and Treatrment Eficacy a Coal Ganarators F—
Coahfired Pawer Pl Configuration and Operation Impact on Plant Efiuent Contaminants and Conditions
Applicaton o Heot Tronsfe Enfancement (HTE)yster for Improved fficiency o Power Plant Condersers o

° Advanced Anti-Fouling Coatings to Improve Coal-Fired Condenser Efficien

2018 2019 2020 2021 2022 2023 2024 2025

. Sustaining Incremental
11

Enabling

M Produced Water
m Digital Systems

m Cooling tower

Extramural
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CONSIDERATIONS FOR
DEVELOPING R&D PORTFOLIO
STRATEGIES IN DYNAMIC
SECTORS

HALEIGH HEIL, KATRINA KRULLA, HICHEM
HADJERES

U.S. DEPARTMENT OF

ENERGY

1 INTRODUCTION

Many research and development (R&D) programs, particularly those focused on foundational
technology advancement in complex, dynamic sectors, must navigate through a lot uncertainty
2nd a market fog of war [1]. Various converging variables, including market, societal, political,
technological, and organizational factors contribute to this complexity. Many innovations.
encounter adoption inertia that stem from slow pelicy and regulation development, expensive
retrofitting of legacy infrastructure, and a high degree of technology integration and can result
ina technology succumbing to the “Valley of Death”. Not only do RED organizations have to
react and interact with these evelving external factors, but they must also manage complex
internal dynamics. Given these challenges, there is a need for organizations to develop and
nurture internal innovation ecosystems to support navigating these complexities.

An innovation ecosystem, as defined by Grandstrand and Holgersson in their 20-year review of
the term, is the “evolving set of actors, activities, and artifacts, and the institutions and
relations, including complementary and substitute relations, that are important for the
innovative performance of an actor or 3 population of actors” [2]. In other words, dynamic
networks of individuals, resources, entities, and the complementary or substitute interactions
between them that catalyze new products, processes, systems, or markets altogether. There can
be multiple innovation ecosystems in an industry or dynamic market, and an organization can
find itself to be one innovation ecosystem among many.

Recognizing this concept and that technolog, in dynamic
industries requires a convergence of both internal and external ecosystems can guide RRD
managers in crafting program and portfolio strategies that nat only align with organizational
priorities, but also effectively leverage expansive netwiorks. In order to effectively leverage these
networks, R&D programs must deeply understand their own operational dynamics and
capabilities to nurture their internal innovation ecosystems. One way this can be achieved is
through undertaking regular, comprehensive portfalio analyses. This s also critical for
benchmarking, allowing a program to measure inst key metrics,
and address capabilties geps, leverege ross the ion, and avoid
redundancies. The following paper outlines several key elements for conducting an analysis of
an organization’s portfolic and shaping a portfolio strategy. These elements, while not

rve, offer a set of intended to guide strategic thinking

Setting Program Goals (see Section 2)
Defining Partfolio Ambitions (see Section 3)

wonoE

Optimizing Internal Innovation and External Collaborations (see Section 4)

~

Tracking and Strategizing Investments Across Technology Readiness Levels (see Section 5}

The following sections will delve into these concepts, offering high level insight on facilitating
these activities.

3 DerINING PorTFOLIO AMBITIONS

Developing 2 portfolio to be a colle fi that are ¢ and
represent the right balance of risk and reward is necessary to ensure technology progression is
taking place. This supports an organization in achieving goals through thoughtful diversification

of short-/long-term i s, high/lower risk initiatives, and high/lower spend initiatives.

Various takes on the definitions and scales for i such as Tushy d Anderson's
“incremental” versus “breakthrough” technology [3], Clayton Christenson's “sustaining” versus
“disruptive” theory [4], and Nagji and Tuff’s “core,” “adjacent,” and “transformational” ambition
definition (5, help describe the range of development horizens a long-term R&D program will
typically spread initiatives against [see Exhibit 3-1):

Sustaining incremental: initiatives close to core capabilities that make small, incremental
changes to current capabilities, processes, or technologies

Sustaining radical: initiatives that build on current capabilities and technology, but
‘address adjacent markets or opportunities and have incressed impact relative to
sustaining incremental

Disruptive: high-risk projects that, if successful, have the potential to transform the
market

Exhibit 3-1. Range of development horizons

I

New Custormers

it
Dwee i, DN oo
‘Adapted from Nagii and Tuff [5]
R&D programs may also possess a range of technologies or initiatives that do not fit within the
«conventional categorization of the technology readiness level (TRL) scale (see Exhibit 5-2).

Enabling technologies or initiatives support further technological, procedural, or system
innovation. Examegles include digital tocls, software, database development, and applied or

3
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4 OFTIMIZING INTERNAL INNOVATION AND EXTERNAL
COLLABORATIONS

To maximize technological advancements and financial resources, it is necessary to find the
right balance of engaging in internal, proprietary innovation versus investing in external
capabilities and partnerships. Research suggests organizations outsaurce at least 30 percent of
RED activities to ensure R&D is not happening in 2 vacuum and the organization is gathering
insights from other perspectives and spacialized knowledge from external sources [8]. I an
organization is conducting most RED activities in-house, they risk neglecting diverse
perspectives and specialized knowledge. However, if they outsource the majority of their R&D
o external entities, a large portion of their subject matter expertise, knowledge, or technology
development no lenger lives within the organization. The division of the innovation
ecosystem—universities and labs specializing in research while corporations and businesses
spedialize in demonstration and scaling—has made it harder to bridge the gap from innovative
research in the lab to successful, applicable technologies and products on the market [8].
Crafting a thoughtful strategy on how to engage the broader ecosystem is critical for leveraging
external synergies, obtaining specialized skills and expertise, and orchestrating collaberation
across innovation ecosystems.

How 10 BALANCE INTERNAL VERSUS EXTERNAL INVESTMENT

Before determining what the ideal spread of internal versus external investment will look like,
an organization needs to understand their current state. Compiling a robust inventory of current
initiatives and having a strong understanding of organizational goals, core competencies, and
how projects 2lign 1o goals CaNn SUPROTT the Identification of gaDs OF GRPOMTUNTEs o MEet the
desired future state of the organization. Again, this will require individual assessment of the
projects within the partfolio. The questions listed in Exhibit 4-1 can serve as a starting paint in
identifying arganizational vision and objectives, core competencies, and future capability
development/procurement.

Exhibit 4-1. Assessment questions

. s the primary missi of

organizationai [ 280 actitios oi

vision and o N

objectives I ocietsl
nesds and challenges?

« whatare the core competencies that define the erganization and its activities?
core .

Competencies [ENERNPNRSIIE

i2s, equipment, and knowledge does the organization possess thet supparts

o+ what i that do not ¥
within the organization?
« What gaps existin 3

Procurement
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