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RINGKASAN 

 

Muna Lisa. 2026. Pemodelan dan Optimasi Dosis Polyaluminium Chloride (PAC) 

Berbasis Data Operasional Jar Test Menggunakan Response Surface 

Methodology (RSM) serta Analisis Efisiensi Biaya di SPAM Regional 

Banjarbakula. Pembimbing: Prof. Dr. Agus Mirwan, S.T., M.T., IPM., 

ASEAN Eng., Dr. Drs. Rahmat Yunus, M.Si., dan Utami Irawati, S.Si., 

M.ES., Ph.D. 

 

SPAM Regional Banjarbakula menggunakan air permukaan sebagai sumber 

air baku dengan karakteristik yang dipengaruhi kondisi hidrologi. Perubahan 

kekeruhan air baku menyebabkan kebutuhan dosis Polyaluminium Chloride (PAC) 

bervariasi sesuai kondisi operasi. Data operasional Jar Test yang digunakan sebagai 

dasar penentuan dosis PAC belum dimanfaatkan secara optimal untuk membangun 

model empiris dan mengevaluasi efisiensi biaya penggunaan koagulan. Penelitian 

ini bertujuan menganalisis hubungan dosis PAC terhadap respons kekeruhan 

berdasarkan data operasional Jar Test, membangun model empiris menggunakan 

Response Surface Methodology (RSM), serta mengevaluasi potensi efisiensi biaya 

penggunaan PAC di SPAM Regional Banjarbakula. Penelitian menggunakan 

pendekatan kuantitatif observasional retrospektif dengan memanfaatkan data 

sekunder operasional Jar Test periode Januari–Desember 2024. Data meliputi dosis 

PAC, kekeruhan, pH, suhu, dan periode pengamatan. Analisis dilakukan 

menggunakan statistik deskriptif dan RSM melalui perangkat lunak Design-

Expert® versi 13. Evaluasi model dilakukan menggunakan ANOVA dan analisis 

optimasi RSM, sedangkan efisiensi biaya dianalisis dengan membandingkan dosis 

operasional terhadap dosis hasil optimasi. 

Hasil penelitian menunjukkan bahwa dosis PAC berpengaruh signifikan 

terhadap respons kekeruhan dalam model empiris yang dikembangkan (p-value < 

0,0001). Nilai Lack of Fit yang tidak signifikan menunjukkan bahwa model mampu 

merepresentasikan hubungan pada data operasional. Optimasi menghasilkan dosis 

PAC sebesar 23,911 ppm untuk periode Januari–Juni dengan nilai desirability 

0,937, serta 20,865 ppm untuk periode Juli–Desember dengan nilai desirability 

0,924. Dosis PAC operasional berada pada kisaran 20–30 ppm dengan rata-rata 26,4 

ppm, sehingga dosis hasil optimasi tetap berada dalam rentang operasional dan 

berpotensi menurunkan penggunaan PAC. Analisis efisiensi biaya menunjukkan 

potensi penghematan sebesar 9,43% pada periode Januari–Juni dan 20,97% pada 

periode Juli–Desember dibandingkan kondisi operasional eksisting. 

Penelitian ini menghasilkan model empiris berbasis data operasional Jar 

Test sebagai dasar rekomendasi penentuan dosis PAC di SPAM Regional 

Banjarbakula. Model tersebut mendukung pengambilan keputusan penggunaan 

koagulan yang lebih efisien sesuai karakteristik air baku. Penerapan model masih 

memerlukan validasi prospektif melalui confirmatory Jar Test atau pengujian 

independen sebelum digunakan sebagai acuan operasional. 

 

Kata Kunci: PAC, Jar Test, RSM, optimasi dosis, efisiensi biaya, SPAM Regional 

Banjarbakula. 

 



 

 

vii 

 

SUMMARY 

 

Muna Lisa. 2026. Modeling and Optimization of Polyaluminium Chloride (PAC) 

Dosage Based on Operational Jar Test Data Using Response Surface 

Methodology (RSM) and Cost Efficiency Analysis at the Banjarbakula 

Regional Water Supply System (SPAM Regional Banjarbakula). Supervisors: 

Prof. Dr. Agus Mirwan, S.T., M.T., IPM., ASEAN Eng.; Dr. Drs. Rahmat 

Yunus, M.Si.; and Utami Irawati, S.Si., M.ES., Ph.D. 

SPAM Regional Banjarbakula utilizes surface water as its raw water source, 

with characteristics influenced by hydrological conditions. Variations in raw water 

turbidity result in different Polyaluminium Chloride (PAC) dosage requirements 

during water treatment. Operational Jar Test data have been routinely used to 

determine PAC dosage; however, these data have not been fully utilized to develop 

an empirical model or evaluate coagulant cost efficiency. This study aims to analyze 

the relationship between PAC dosage and turbidity response based on operational 

Jar Test data, develop an empirical model using Response Surface Methodology 

(RSM), and evaluate the potential cost efficiency of PAC application at SPAM 

Regional Banjarbakula. It uses a retrospective quantitative observational approach 

using secondary operational Jar Test data collected from January to December 

2024. The dataset includes PAC dosage, turbidity, pH, temperature, and observation 

periods. Data are analyzed using descriptive statistics and RSM through Design-

Expert® version 13. Model evaluation is performed using ANOVA and RSM 

optimization analysis, while cost efficiency was assessed by comparing operational 

PAC dosages with the optimized dosages.  

The results demonstrate that PAC dosage has a significant effect on turbidity 

response in the developed empirical model (p-value < 0.0001). A non-significant 

Lack of Fit indicates that the model adequately represented the operational data. 

Numerical optimization recommends PAC dosages of 23.911 ppm for the January–

June period (desirability = 0.937) and 20.865 ppm for the July December period 

(desirability = 0.924). Operational PAC dosages ranged from 20 to 30 ppm, with an 

average of 26.4 ppm, indicating that the optimized dosages remained within the 

operational range while offering the potential to reduce PAC consumption. Cost 

efficiency analysis indicates potential savings of 9.43% for the January–June period 

and 20.97% for the July–December period compared with the existing operational 

practice.  

This study develops an empirical model based on operational Jar Test data 

to support PAC dosage recommendations at SPAM Regional Banjarbakula. The 

model provides a scientific basis for more efficient coagulant application according 

to raw water characteristics. Prospective validation through a confirmatory Jar Test 

or independent testing is required before implementation in routine plant operation. 

 

Keywords: PAC, Jar Test, RSM, dosage optimization, cost efficiency, SPAM 

Regional Banjarbakula.  
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