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ABSTRACT 

Energy optimisation of multi-pump stations requires pump-specific energy, yet many installations measure only 

total station flow. This simulated feasibility study reconciles discharge pressures, pump electrical powers and 

station flow against a calibrated 1D hydraulic model to identify degradation. Controlled head-curve and pump-

efficiency degradations were introduced into one pump of a three-pump intake model. Calibration signatures 

separated at 45.9°, and validation cases were estimated as closure coefficients indicating mechanism and 

approximate magnitude. Closure magnitude increased with the affected path’s simulated specific-energy 

deterioration, providing proof-of-concept evidence for identifying degraded pump paths without branch flow as 

an estimator input. 

KEYWORDS: Pump degradation; specific energy; hydraulic model reconciliation; multi-pump stations

1. INTRODUCTION 

Deciding which pump is most efficient to run requires pump-specific energy, yet many stations meter 

only total station flow. Inferring per-pump flow from the characteristic curve carries errors of 7–15% 

of nominal [1]. This study evaluates whether commonly available discharge pressures, pump powers 

and station flow can be reconciled with a calibrated 1D hydraulic model to identify inefficient pump 

paths where individual pump-flow measurements are unavailable [2]. Hydraulic and pump-efficiency 

degradations were imposed on one pump of a simulated intake system to assess whether closure 

coefficients could distinguish degradation type, estimate approximate magnitude and track the 

affected path’s specific-energy deterioration. 

2. MATERIALS AND METHODS 

A three-pump 1D model was simulated at fixed speed and boundary conditions. The observation 

vector comprised three discharge pressures, three pump electrical powers and total station flow. Hα 

denotes an α% head-curve reduction and Eβ a β% pump-efficiency reduction [3]. Baseline-normalised 

changes from H1.0 and E10 formed 𝑆 = [𝑠𝐻  𝑠𝐸]. Validation closure coefficients were estimated using a 

least-squares parameter-estimation approach [4]:   𝑐̂ = 𝑎𝑟𝑔𝑚𝑖𝑛
𝑐
‖Δ𝒚 − 𝑺𝒄‖2

2,   where Δ𝒚 is the normalised 

observation vector. Coefficient direction indicated the degradation mechanism, while magnitude was 

relative to calibration severity. Simulated branch flow was excluded from estimation and used only 

with electrical power to calculate validation specific energy. H1.5, E20 and combined cases tested 

reconciliation; a final healthy run checked baseline restoration. 

3. RESULTS 

Figure 1 summarises the reconciliation. The calibration signatures were separated by 45.9°. For H1.5, 

the expected position was (1.50, 0), while the estimate was (1.27, −0.16), identifying predominantly 

hydraulic degradation with limited cross-sensitivity. E20 was estimated as (0, 2.25) against an 

expected position of (0, 2.00). The combined case was estimated as (1.27, 2.01) against (1.50, 2.00), 
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demonstrating simultaneous estimation of both mechanisms. Pump 1 specific energy increased from 

183.30 kWh/ML at baseline to 192.23 kWh/ML for H1.5, 229.12 kWh/ML for E20 and 240.29 kWh/ML 

for the combined case. The post-test healthy case reproduced the baseline. 

 

  

 

 

 

Figure 1. Imposed and estimated closure positions; marker size indicates Pump 1 specific-energy rise. 

4. DISCUSSION 

The hydraulic and pump-efficiency cases produced distinguishable signatures, and the combined case 

allowed both mechanisms to be estimated simultaneously. The hydraulic coefficient was 

underestimated and retained a larger residual, consistent with nonlinear redistribution between 

parallel paths; the efficiency case was cleaner because it acted mainly through Pump 1 power. Notably, 

a 1.5% head-curve deficit was detected and correctly attributed. This is well below the 7–15% flow-

inference error of curve-based methods [1], and within the few-percent regime relevant to within-

station comparison. Closure magnitude increased consistently with the affected path’s specific energy 

in the validation cases. 

5. CONCLUSION 

Under the tested operating condition, these results provide proof-of-concept evidence for identifying 

degraded pump paths from commonly available station measurements without branch flow as an 

estimator input. Model-estimated branch flow and per-pump operational ranking remain future work. 

REFERENCES 

[1] T. Ahonen, J. Tamminen, J. Ahola, J. Viholainen, N. Aranto, and J. Kestilä, “Estimation of pump operational state with 

model-based methods,” Energy Conversion and Management, vol. 51, no. 6, pp. 1319–1325, Jun. 2010, doi: 

10.1016/j.enconman.2010.01.009. 

[2] E. Salomons, U. Shamir, and M. Housh, “Optimization Methodology for Estimating Pump Curves Using SCADA Data,” 

Water, vol. 13, no. 5, p. 586, Feb. 2021, doi: 10.3390/w13050586. 

[3] X. Wu, X. Du, M. Tan, and H. Liu, “Experiment and simulation about the effect of wear-ring abrasion on the performance 

of a marine centrifugal pump,” Advances in Mechanical Engineering, vol. 13, no. 2, p. 1687814021998115, Feb. 2021, 

doi: 10.1177/1687814021998115. 

[4] R. S. N. Datta and K. Sridharan, “Parameter Estimation in Water‐Distribution Systems by Least Squares,” J. Water 

Resour. Plann. Manage., vol. 120, no. 4, pp. 405–422, Jul. 1994, doi: 10.1061/(ASCE)0733-9496(1994)120:4(405). 
 



            45Pump-Path Degradation and Specific-Energy Tracking Via Closure … 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Pump-Path Degradation and Specific-EnergyTracking Via Closure Reconciliation Against aCalibrated 1D Hydraulic Model



