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Al ISMAKING RAPID
ADVANCESACROSS
ENVIRONMENTAL
CONSULTING

Fom Labor-Driven Senvices to
Intelligence-Driven Delivery

Introduction: Al in the
Environmental Industry

For humankind, atificdd intdligence
has been characterized as everything from
an exigentid crigsthrestening our quas-
naturd way of living to the technology
that will open thedoor to autopian future,
where work weeks are limited and human
livesareincreasngly devoted to lesure, ad-
venture and cregtive sdf-expresson. These
are provocative long-term visons but they
are exaggerated and not expedidly practicd
for underganding where Al istoday.

For the environmentd indudry, ar-
tificid intdligence has d been framed
in near-exigentia terms particularly for
certain professond functions Yet in prac-
tice, Al may prove to be another powerful
wave of technology that enables qudified
aubject-matter expertsto multiply and ac-
cderaethar effortsin ddivering solutions
for dients communitiesand the planet.

In this review, Environmentd Bus-
ness Journa sesksto characterize where Al
dandsin its qill-early gages of implemen-
tation across the environmentd indudry,
with particular enphadson the conaulting
& engineering ssgment. Executive inter-
views and recent EBJ survey reaults pro-
vide a benchmark of company initiatives
and a comparative review of how indusry
leeders are gpproaching Al drategy, gov-
ernance, workflow integration and enter-
prise adoption.

Digitdization consultants and Al plat-
forms inevitably offer their own pergpec-
tives on the subject, including advice on

implementation phases workflow rede-
dgn and enterprise deployment. But for
environmentd firms sverd practicd is
ues remain centrd: the depth and qua-
ity of cgptive databases security protocols
around internd and dient daasts the
accuracy and traceebility of Al-asiged
outputs and theleve of human review re-
quired to asure qudity before Al-enabled
work isintegrated into dient ddivery.

Expert advice engineering designs per-
mit gpplications, environmentd reports
and rdated work products often require
the dgnatures of project managers, envi-
ronmentd professonds or professond
enginears These outputs demand the con-
fidence of dients and the management of
firmsultimatdy responsible for reputation,
quality assurance and, in some cases, legd
ligbility. For trangparency and defengbil-
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Use of Alin 2025 vs. 2026

Use of AI in 2025 Vs, 2026

Use of Al 2026 Response | 2025 Response

Document summaries & editing 28% 16% Doc summaries & editing

Proposal preparation & writing 27% 18%

Website/marketing/comms 25% 18% Proposal writing

Document drafts for reports/permits 22% 10%

Graphic design & image creation/edits 19% % Marketing/comms

Client communication & memos 18% 10%

Data QA & summary 14% 10% Report drafts

Permitting & regulatory analyses 13% n/a

Field data reporting & compilation 11% nla Graphic design - 2025
Original code & code edits 8% 9% m— 2026
Site assessments (Phase I/1l) 6% nla 0 PZrcentlgge O}SRespf,?]denf:

Source: EBJOutlook surveys in 2025 and 2026; Question: Indicate how your company is using
Al platform systems today (outside of default Al-tools embedded in search engines or inside
mainstream software). Note: Average usage based on weighted factors of 8 options.

Source: EBJOutlook surveys in Q1 2025 and Q1 2026. Average usage by
staff based on the responses presented in the table below.

Use of Al in Environmental Services Companiesin Q1 2026

Forbidden Not Using | <10% oflour 10-30% of 30-50% of 50-70% of 70-90% of 90-100% of

Yet staff using staff using staff using staff using staff using staff using
Proposal preparation & writing 3% 10% 30% 23% 17% % 3% %
Website/marketing/comms 0% 23% 23% 23% 13% 13% 6% 0%
Document summaries & editing 3% % 23% 37% 13% % % 3%
Original code & code edits 4% 50% 27% 12% 4% 4% 0% 0%
Graphic design & image creation/edits 3% 10% 38% 28% 17% 0% 0% 3%
Field data reporting & compilation 3% 24% 48% 17% 3% 3% 0% 0%
Site assessments (Phase I/11) 0% 50% 39% % 4% 0% 0% 0%
Permitting & regulatory analyses % 28% 31% 28% 3% 0% 0% 3%
Data QA & summary % 21% 34% 24% 10% 3% 0% 0%
Document drafts for reports/permits % 14% 21% 39% 4% % 4% 4%
Client communication & memos % 17% 34% 21% 10% % 3% 0%

Source; Ervironmental Business Jburnal: EBJAnnual Outlook Survey 2026. Q: Hease indicate how you and your company are using or plan to use Al platform systems today
(outside of default Al-tools embedded in search engines or insde mainstream software) and comment on expected use or workflows in the near future.

ity, the traceshility of workflow outputsin
combined human-and-Al endeavors can-
not beignored, even when it isnot explic-
itly induded in thefina work product.

At the same time, these concerns can-
not be usad as an excuse for inaction. The
environmenta servicesindugry isbuilt on
awide and diverse base of tientific, tech-
nica, engineering, regulatory and project-
management tdent. Al creates an oppor-
tunity for crestive experimentation across
that human resource base, provided firms
maintain gppropriate governance, security
and professona accountability.

By mid-2026, Al in the environmentd
indugry is no longer in its infancy, but
it has not reached maturity. The broad
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e
GZATECHNICAL SPECIALIST SEESAI
TRANSFORMING REMEDIATION TO AN
ADAPTIVE DATA-DRIVEN CONTINUOUSLY
OPTIMIZED PROCESS

GZA GeoEnvironmental Inc. (GZA) isaleading multi-disciplinary, enployee-owned
firm providing environmentd, ecologica, weter, geotechnica, and congruction manage-
ment services Headquartered in Norwood, Mass, GZA has 35 offices throughout the
country. GZA was ranked on EBJslig of top environmenta conaulting & enginesring
firmsin 2024 with environmentd C& E revenues of $129 million out of $204 million
grossrevenues

Matthew Gozdor, Senior Technical Spedalig. Mr. Gozdor isa quantitative hydroge-
ologig focusng on groundwaer modding with MODFLOW/MODPATH/MT3DMS
and the PEST auiteinduding ensemble solvers He ds uses machine learning techniques
with Pagasto dmulae groundwater and provides forendgc evauation of groundwater is
ues water supply sudies, contaminant hydrogeology evaluations, well hydraulics andy-

ss and data science with Python.

EBJ: How is Al enhancing groundwa-
ter flow and contaminant transport
modeling compared to traditional ap-
proaches?

Gozdor: Artificid intdligence (Al) is
enhancing groundwater flow and contami-
nant trangoort modding by augmenting
traditiond physdcsbased approaches with
fater computation, improved daa inte-
gration, and more flexible representation
of subsurface complexity. While conven-
tiond modds (eg., MODFLOW) reman
esentid for their physcd rigor and regula-
tory acoeptance, they are often limited by
computationa demands, parameter uncer-
tainty, and smplified representations of
heterogendty.

Al addreses these chalenges by en-
abling the devdopment of surrogate mod-
ds tha dramaticdly reduce runtimes
upporting rapid scenario tesing and un-
certainty andyds In addition, machine
learning techniques can asimilete diverse
datassts sauch as borehole logs geophyscs,
dimate data, and water quality observa
tionsto better characterize hydraulic prop-
erties and refine predictions of groundwa
ter flow and plume migration.

In practice, aurrogete modds are fast
goproximaions of detaled numericd
moddslike MODFLOW 6 that dlow sci-
entigds and enginears to explore far more
Lenariosthan would otherwisebefeadble
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These are often built usng machine learn-
ing techniques such as Random Forests
neurd networks, or Gaussan processmod-
ds which learn the rdationship between
inputs (eg., hydraulic properties, dreses)
and outputs (eg., heads or concentrations)
from aset of modd runs

While agpproaches like phydcsin-
formed neurd networks (PINNS) and data
gace inverdon (DY) are ometimes dis
cused dongsde surrogate modds they
are better thought of as complementary
methods that either embed phydcs direct-
ly into the learning process or reduce the
computationd burden through dternative
formulationsrather than purdy emulating
modd outputs

The mog dgnificant advancement
lies in hybrid modding frameworks that
combine physcsbased modds with Al.
In these approaches governing equaions
maintain physcd rediam, while Al im-
proves cdibration effidency, parameter
edimation, and predictive performance
Al is d9 advancing contaminant trans
port modding by identifying patterns in
concentration data, supporting source
differentiation, and improving plume
forecagting in complex hydrogeologic s&-
tings Although chalengesremain, includ-
ing data dependency, interpretability, and
regulatory acogptance, Al is trandorming
groundwater modeling into a more adap-

Al helps move remediation
from a design-once approach
to a continuoudy optimized,
performance-based process.

tive, data-driven discipline The reault is
a shift from datic, computationdly in-
tengve anayses toward dynamic sysems
cgpable of supporting red-time decison-
making and more effective environmentd
management.

EBJ: Areyou seeing a shift toward
predictive remediation strategies, where
interventions are optimized before
implementation?

Gozdor: Mog remediaion sygems in
thefidd today are legacy sygemsthat were
desgned under older paradigms often con-
srvaivdy, and with limited flexibility for
red-time optimization. Retrofitting these
sydems to upport predictive or adaptive
control (eg., adding snsors automation,
or data infragructure) comes with red
cogs and those cogsarenot awayseasy to
judify, epecidly for smaler stes or where
regulatory driversare minima.

As areault, adoption isuneven. In the
near term, theindugry ismorelikdy to see
incrementd integration tha uses predic-
tive tools to improve desgn and periodi-
cdly refine operationsrather than awhole-
e shift to fully optimized, continuoudy
adaptive sygems

Over the next few years, broader adop-
tion will likdy depend on a combination
of factors dedining cogts of monitoring
and automation technologies stronger
regulatory acceptance of data-driven ap-
proaches and dear demondraions tha
predictive drategies can reduce lifecyde
cogsand shorten remediation timeframes
Until then, predictive remediation should
be viewed less asthe current sandard and
more as an emerging capability that is be-
ginning to influence how the mog com-
plex and high-gakes Stesare managed.

EBJ. How reliable are Al-driven models
today when dealing with highly com-
plex subsurface conditions?
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Broader adoption of Al in remediation will depend on a
combination of factors: declining costs of monitoring & automation
technologies, stronger regulatory acoeptance of data-driven
approaches, and clear demongtrations that predictive strategies can
reduce lifecycle costs and shorten remediation time frames.

Gozdor: Al driven modds have dem-
ondrated drong potentid in handling
complex subsurface conditions, particu-
larly where large, high-qudity datassts are
avalable In such sttings machine learn-
ing approaches can cgpture nonlinear re-
letionghips integrate diverse data sources
and identify patternsin hydraulic proper-
tiesand contaminant behavior that aredif-
ficult to represent explicitly in traditiond
modds When used in conjunction with
physcsbasad frameworks, Al can improve
cdibration eficiency, reduce uncertainty,
and enhance predictive performance

For ste-gedific applicationswith dense
monitoring networks or long-term datas:
es Al-driven or hybrid modes can pro-
vide rdiable and actionable indghts epe
caly for tasks such as plume forecagting,
parameter esimation, and scenario evadu-
aion.

However, ther rdiability is more lim-
ited in data-gparse environments or where
aubaurface conditions fdl outdde the
range repreented in the training data
Purdy data-driven moddsmay sruggleto
extrapolateand can produce physicaly un-
redigic reaultsif not properly condraned.
As areallt, the mog rdiable gpplications
today are hybrid approachesthat incorpo-
rete governing equations or are anchored
to etablished numericd modds

Thee frameworks preserve phydcd
condgency while leveraging Al’s drengths
in pattern recognition and computationa
eficency. In practice, Al-driven modds
are bes viewed as complementary tools
that are highly rdiable when applied with-
in well-defined bounds and supported by
adequate data, but gill requiring expert
oversght and vdidation in complex hy-
drogeologic sttings

EBJ: How does Al help balance cog,
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performance, and long-term liability in
remediation strategy selection?

Gozdor: Al hdps move remediaion
from a desgn-once gpproach to a con-
tinuoudy optimized, performance-basd
process Thisgpproach directly affectscog,
dfectiveness and long-term liability. Tra
ditiondly, sysemssauch as pump-and-trest
or in-gtu injection are desgned usng a
limited number of desgn scenarios and
then adjugted periodicdly. Thiscan leed to
ineffidencies and potentidly longer reme-
diation times With the traditiona desgn
and operaion approach sygems can po-
tentidly be over or under designed. With
Al-assged workflows, supported by phys
icsbased modds such as MODFLOW 6,
practitioners can evduae thousands of
scenarios during design and then continue
optimiziing sysem performance as new
data are collected. This enables more pre-
dse targeting of contaminant mass, better
control of plume migration, and improved
dignment between sygem operation and
dteconditions

EBJ: What arethe biggest data gaps
that limit Al effectivenessin environ-
mental remediation today?

Gozdor: The effectiveness of Al in en-
vironmentd remediation is fundamentaly
congrained by the availability, qudity, and
representativeness of subaurface data One
of the mogt sgnificant gapsis the limited
spatid and vertica resolution of hydrogeo-
logic characterization. Data on hydraulic
conductivity, porosty, and gratigraphy are
typicaly garse, unevenly digributed, and

biased toward accessible locations such as
monitoring wels

Thismakesit difficult for Al modesto
learn reiable representations of subsurface
heterogendty, particularly in complex en-
vironments with preferentiad pathways or
discontinuous units Smilarly, contami-
nant concentration data are often tem-
pordly intermittent and collected &t rda
tivey few locations limiting the ability of
Al to accuratdy capture plume dynamics
reaction processes and long-term trends

Another mgor limitation is the lack
of integrated, high-qudity datasgts tha
combine phydcd, chemicd, and opera
tiond information. Criticd inputs such as
recharge, pumping higories remediaion
sysem performance, and geochemicd pa
rametersare frequently incomplete, incon-
sgently measured, or sored in incompat-
ible formats In addition, there is often a
shortage of labded datafor key tasks such
as ource identification or dassfication of
contaminant plumes which retricts the
use of more advanced supervisad learning
methods These gaps are compounded by
limited long-term monitoring datasts
which are essntid for training modes
to predict future sysem behavior under
changing conditions

Addresing these chdlenges will require
more comprehensve data collection drate-
gies dandardized data management prac-
tices and gregter integration of emerging
data sources uch as remote sensng and
red-time monitoring sysems

EBJ: How isAl changing the day-to-day
work of hydrogeologists and environ-
mental engineersin the field?

Gozdor: Al is beginning to shift the
day-to-day work of hydrogeologists and
environmental  enginers from manud,
time-intendve taskstoward more efficient,
daadriven workflows Routine activities
auch as data processing, quality control,

The effectiveness of Al in erMronmental remediation is
fundamentally constrained by the availability, quality, and
representativeness of subsurface data.
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Defenghility and clarity are critical... By relying on well-documented,
peer-reviewed methods and open tools, we ensure that our analyses
can be reviewed, reproduced, and clearly explained to regulators,
dakeholders, and clients.

and viaudization which have higoricdly
required dgnificant effort in soreadshests
or sripting can now be automated or ac-
cderated usng Al assged tools This d-
lows practitioners to goend less time on
datawrangling and moretimeinterpreting
resultsand refining conceptud stemodds

In the fidd, Al isdso enhancing red-
time decison-making by integrating sen-
Lr data (eg., water levds water qudlity)
with predictive modds enabling more re-
goonsve sampling grategies and adgptive
management of monitoring and remedia
tion sygems

At the same time, Al is changing how
professonds gpproach modding and
andyds Cdibration, sengtivity anadyds
and scenario teting can now be performed
more rapidly usng Al assiged optimiza
tion and surrogate modds This endbles
practitioners to evduate a wider range of
conditions and uncertainties within typi-
cd project timdines

Asareallt, therole of the hydrogeolo-
gig or engineer isevolving toward onetha
emphadzes criticd evduation of modd
outputs integration of diverse datasts
and dear communication of uncertainty
and rik. While domain expertise remains
esentid, Al isaugmenting it by providing
fader ingghts and expanding the scope of
what can be andyzed in both fidd and of-
fice sttings

EBJ: How areregulatorsresponding to
Al-driven analyses?

Gozdor: Regulators are generdly ap-
proaching Al-driven anadyseswith cautious
interes. At present, mog agencdies gill re-
quiretha groundwater flow and contami-
nant trangoort evaluaions be grounded
in egablished, physcsbased modds such
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as MODFLOW 6. These modds are well
undergood, trangarent, and have a long
track record in regulatory decison making.

Asareault, Al isgenerdly not accepted
as a ganddone bass for compliance de-
dgons remedy section, or ligbility de-
terminaions Indead, regulators view Al
as a supplementary tool tha is useful for
Lreening, sengtivity anayds or scenario
exploration, but not yet a subgitute for
traditiond modding approaches Egab-
lishment of the Interstate Technology &
Regulatory Council (ITRC) Al/Machine
Learning Team should help provide guid-
anceto regulators

EBJ: Areyou building proprietary Al
tools, or leveraging externa platforms?

Gozdor: Weareprimarily leveraging es
tablished, open-source andyticd toolsand
methodologiesrather than devd oping pro-
prigtary Al platforms Our work integrates
domain-gecific modds and data-driven
techniques usng widdy accepted libraries
and frameworks

For example, we are usng time series
modding with Pedas semi-supervisd
learning methods such as labd oreading
for plumedifferentiation, and multiveriate
datigdica techniqueslike principa compo-
nent anadyss (PCA) and hierarchicd dus
tering (dendrograms) for source evaua
tion. These gpproachesareimplemented in
reproducible environments (eg., Python
based workflows) and arefully transparent
and auditable

Thisdrategy isintentiond. In environ-
menta conaulting, defengbility and darity
are criticd, particularly in regulaory and
legd contexts By relying on wel-docu-
mented, peer-reviewed methods and open
tools weensurethat our anaysescan bere-

viewed, reproduced, and dearly explained
to regulators dakeholders and dients
While we may devdlop cusom scripts and
workflows talored to ecific dtes thee
are built on etablished techniques rather
than proprigtary “black box’ Al sysgems
dlowing usto baance innovation with re-
liability and regulatory acceptance.

EBJ: What will remediation of adte
look likein 2-3 yearsif Al adoption ac-
celerates? And what other technologies
could also have ahugeimpact?

Gozdor: In the next 2 to 3 years if Al
adoption accderates remediation projects
will likdy become more adeptive, data
driven, and continuoudy optimized rather
than reying on periodic evduetions and
datic desgns Ste conceptud modds will
be updated in neer red time asnew moni-
toring data are collected, with Al-asiged
toolsrapidly assmilating groundweter lev-
ds chemigry, and operationd data from
remediation sysems Thiswill dlow prac-
titionersto adjust pumpingrates injection
drategies or trestment sysem operations
much more frequently.

This could happen potentidly on a
weekly or even daly badsrather than wait-
ing for quarterly reviews Additionaly, Al
mode scould beused to change sysem op-
erations based on predicted future events
auch as heavy rainfdl or flooding. Mod-
ding workflows built around tools like
MODFLOW 6 will gill anchor the phys
ics but Al-driven surrogates and optimi-
zation routines will enable rapid scenario
teging and uncertainty anayds leeding to
more efficient sysem designs and posshly
shorter remediation timeframes p

Regulators iew Al as a
supplementary tool that
is useful for screening,
sengtivity analysis, or scenario
exploration, but not yet a
subgtitute for traditional
modeling approaches.
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