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« This study develops an intelligent supervised * This research introduces a comprehensive Life Cycle Cost Analysis (LCCA) * To address these challenges, a rigorous data preparation pipeline was implemented.
machine learning prediction model to estimate framework that combines supervised machine learning, environmental impact The dataset compiled for this research includes more than 750 pipeline installation
and compare life-cycle costs of Open-Cut modeling, and bibliometric analysis to evaluate and compare OCPI and CIPP records pertaining to OCPIl and CIPP Renewal Technology for sanitary sewers across
Pipeline Installation (OCPI) and trenchless CIPP Renewal Technology. The main goal is to develop a predictive model using four various U.S. states, normalized to 2025 USD.

Renewal Technology for wastewater system supervised ML algorithms to estimate construction, environmental, and social costs * The results of the data collected and divided into diameter categories are shown in
rehabilitation. per linear foot. The study covers sanitary sewer pipes with diameters ranging from Figure 3, demonstrating that CIPP LCC values are on average ~56% lower than OCP],

e The model integrates Construction, 6 to 84 inches across four categories using an 80/20 stratified train-test split for with the greatest savings occurring in small to large diameter ranges (6—60 in.).

model validation.

Environmental, and Social Cost components to * CIPP enables approximately 2.3x more rehabilitated length per dollar than OCPI

evaluate the total cost per linear foot across * Table 1 shows the scope of the work. when CC, EC, and SC are fully internalized. For OCPI, CC contributes >85% of total
sewer pipe diameters of 6-84 inches. Table 1. Scope of work LCC, driven by excavation, shoring, and hauling. For CIPP, CC accounts for ~56% at
° Although prellmlnary cost Comparlson StUd|eS Attribute Description Included in Study Not Included in Study Sma” and NSO% at Vel‘y Iarge d|ameters; SC = 226 $/ft (<2% Of LCC)
. . . Sewer pipeline installation Other trenchless method '
exi St, NO Vd I | d ate d M I_‘ b daSe d m Od e | h dasS b een Installation Methods ) orerepng\?val fecl?neilqlelle ’ OCPLand CIPP (e.g., p?pe leau(r:stiilsgs, sliep lci)n:ng) B OCPI (Excavation TEChnDIGgF] B CIPP Renewal Tech nology
developed to predict and compare life-cycle Costraffecting Factors | e e e D B e ks o e T | orent o e ateril Small diam. (6-18in.)  CIPP saves -69%
COStS b etwe en O C P I an d CI P P aCross t h IS fu | I Cost Components 1?(?;;82:5233@;:? Construction, Environmental, and Social Costs Residual, maintenance, and replacement costs OCPI _ 100%
d lameter ran ge. Project Data Source and scale of project records 750+ projects across the U.S. International datasets CIPP 3%
* This decision-making tool will enable engineers Diameter Range e 6-84 in. Pipes smaller than 6 in. or larger than 84 in, Medium diam. (21-36in.)  cipp s
in modelin A21- : saves ~60%
an d mun |C| pa | |t|es to se I ect t h e most cost- Resin T}lel)e zlilng Curing ForfIPP, the ty}})le gf res(in Alp{l;l Olwgns Corrcliirslg LOI(():—PPA—SS Differ.ent type}:ls gf resin, hfle;’ ;alnd OCP _ 100%
. . e . etho and curing method use 1nyl Ester, and Steam Curing curing methods are exclude -
effe Ct Ive an d Su Sta INd b I e re h d b I | Itatl on m Et h O d Service Type Nature of sewerage network studied Sanitary and storm sewers Stormwater and combined sewer systems CIPP 40%
based on the entire Service ||fe Of the pipeline_ LCCA Standard Applied Framework used to deﬁne life- ASTM C1131-20 standard ISO 15686, EN 12973, or other regional
cycle cost analysis LCCA standards . .
Large diam. (39-60in.) CIPP saves ~56%
. Environmental Modeling LCA n?ethodolo.gy. used to ReCiPe 2016 of SimaPro software GaBi, Umberto, or other proprietary tools
Introduction and Background cotimate emissions OCPI 100%

44% 44%

Results and Analysis e

Very large diam. (63-84in.)  CIPP saves ~29%

* The 2021 report card for America's Infrastructure

by the American Society of Civil Engineers (ASCE) * A scientometric study leveraging VOSViewer software offers valuable insights into the . -
has assigned a D+ grade to the condition of U.S. core research themes in this field. Keywords serve as indicators of the primary areas
. . . . . CIPP iy MN%
wastewater infrastructure_ Of interest within a given research domain.
* The national wastewater footprint includes over * Overall, visualization captures a progression from traditional engineering principles to Figure 3. Results and Findings
800,000 miles of public sewers and an additional the adoption of sustainable approaches in contemporary research and practice Future Research Recommendations
500,000 miles of private lateral sewers connecting (Figures 1 and 2). Figure 2 is a network visualization with a gradient bar showing the . , L , _ ,
L Lt L . Based on the conclusions and findings of this study, the following recommendations
homes and businesses to public lines (EPA 2024). timeline from 2010 to 2025, highlighting the evolution of research focus and &> O v &
_ _ . emerging areas in the field are for future research to extend the environmental impact assessment of OCPI and
Mth of thls Inetwork IS ?;i—lOO years old, Irlﬂaklng sins ' g “T CIPP Renewal Technology, focusing on several key areas.
it increasingly susceptible to pipe collapses - =, Ty . . e . . :
_ ’ e S cniromenal £ g g PR * The research conducted had limitations in specific working environments, pipe
blockages, and sanitary sewer overflows. oot TR remodes | |1 neuraliworke PRBIoT g 1t , , , , , ,
| and | £ ih ’ . _ e @naine s e & L/ T e T materials, curing methods, resin types, and diameter sizes examined for the
¢ preation » ® e ; casts P, W sset mapagement : .
< gas pipelines & machhﬁ\‘*}arning NIsHater simu tionJ drilling i datamining infras‘g}‘cwre 1 . H M M 1 1 1
ST : 0 : PR & T s o e RO\ T ip;: B Tl SEON * Expanding the analysis to different geographic and working environments will
municipalities, with only 40% employing formal -y o e s prosmmn Tl L rovide d r insight into regional cost variations and emission profil ross th
L hods  for  rehabilitation AR G s aA sl " provide deeper insight into regional cost variations and emission profiles across the
COSt eStImatlon met 0ds o\ yi o artiﬁcial‘lligenceCWiﬁon‘essm& Iper techq_olosv corp’struc@indfs;ry ~ watersupply fu” diameter range
planning. e LT L T S e i © alfeieery . ey T > . o
, L , \ o e g . . ©® * Research should also extend the Social Cost evaluation to include a broader range of
 Conventional Open-Cut Pipeline Installation i O vt e sl appliedSsiences . , , ,
. . W sl community impact variables, and comparisons of OCPI with other trenchless
(OCPI) requires full reinstatement of ground cpplidisionces g e — o , ,
. s Aot @ rehabilitation methods are necessary to explore sustainable alternatives.
surfaces such as sidewalks, pavement, and - 1 Visualization Capt £ > Visualization Cant
. . . . : iqure 1. vVisualization Capture ljgure <. visuaiization capture I ' I I ' I ifi
landscaping, imposing negative impacts on g P g P * Finally, adopting advanced testmg methodologles. will help detect anY unidentified
communities, businesses, and commuters due to * This study used a triangulated approach to compile data, integrating real-life case harmful substances released during the CIPP curing process, supporting safer and
surface and traffic disruptions. studies, contractor bid tabulations, and peer-reviewed literature across more than more environmentally responsible implementation.
" Trenchless CIPP Renewal Technology places 2 [ | Fobut ML models require high-cualiy, srecuuned dets, Homeues o
: _ L. : : : : : ererences
structural liner within the existing pipe without * Robust ML models require high-quality, structured data. However, raw datasets from
excavation, offering a viable alternative with diverse sources often have inconsistencies, incompleteness, and non-uniform [ Gat . eseconert o e e e e o wnen = e e o o e
reduced COSt, time, and surface disruption formats. A rigorOUS preprOCESSing pipeline USing MUltlple |mpUtati0n by Chained 2. ASCE. 2021. “A Comprehensive Assessment of America’s Infrastructure”. https://wastewater-infrastructure/
Compared to traditiOnal Open-CUt methOdS. Equations (MiCE)’ Outiier remOval, and Stratified 80/20 partitioning Was implemented 3. Kaushal, V. 2019. ”Fomparison"of envir.onmenjcal and social. cj‘osts .of tr.enchles.s cured-in pIacg pipe renewal method with open-cut pipeline
] . ) _ replacement for sanitary sewers.” Ph.D. dissertation, Dept. of Civil Engineering, Univ. of Texas at Arlington, TX.
to ensure data re“ablllty and analyt|ca| read|ne55. 4. Najafi, M. (2011). “Pipeline Rehabilitation Systems for Service Life Extension-Chapter 10.” University of Texas at Arlington, USA, 2011.
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