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4. Excel B

problem1_predictions.xlsx—— A i — = K FMIE (36 17)

problem3 predictions_feb.xlsx—— @ = =K 7-19 B FM(21 1T)
problem4 risk assessment.xlsx—— [ ZHPU 90 Ki% H K55
problem4 march_detail.xlsx—— A& PY 3 Hp48:H 52831 17)

M 3

e BRG]

A0t 25 IR (F PDF KEKS PNG i), Hrb: AR 55k, mE—2= 00080 E 16 5.
ARG ] 4 5k VE1E WL figures H Ko

Bk 4

A BEE TR R (B X 7y AR+ PR SR 0] 55+ B R A BE+VIF R )

# -*- coding: utf-8 -*-

nnn

A e AL HEA B

-2025 4F 12 M HINZREHE (21 51/16 PR 2O
-2026 F 3 > H i #EE (£ sheet xls #5320
- BIAAbRHELL . BURMEAREE. AKX > IR AEAY G
import pandas as pd
import numpy as np
warnings.filterwarnings('ignore’)
# EAEHC B
DATA_2025 = os.path join(BASE, r"#&# SCAN\A @ A\FAE 1 2025 Fidli L")
DATA_2026 = os.path join(BASE, r"#&# SCAN\A @ \FHAF 2 2026 Hidl L")
OUT DIR = os.path.join(BASE, "data cleaned")
# 1. 2025 Hf Bl b el
defload 2025 data():

"REEL 2025 4 12 AN H R, G840 21 FlERHER S

std_cols 21 =['DATE', TIME',/RIVER LEVEL','R/W PUMP DUTY',R/W FLOW,

'R/W NTU','R/W CLR',/R/W PH''FILT. NTU",'C/W WELL LEVEL",
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'PH',)NTU','CLR','CL2",'F/RIDE",ALUM','T/W PUMP DUTY",
'"T/W FLOW','/1I8ML LEVEL','I SML FLOW',REMARKS']
std_cols_16 = ['Data','Time','River Level','Unnamed: 3','R/W FLOW/,
'R/W NTU','R/W CLR','Unnamed: 7',/FILT. NTU','C/W WELL LEVEL,
'Unnamed: 10','NTU",'CLR','Unnamed: 13',"T/W FLOW','Unnamed: 15']
col_map 16to21 = {'Data".'DATE','Time".'TIME','River Level:'RIVER LEVEL'"}
all_months =[]
files = sorted(glob.glob(os.path.join(DATA 2025, "*.x1sx")))
for f in files:
df =pd.read_excel(f)
ncols = len(df.columns)
month_name = os.path.basename(f).replace('.xIsx',")
if ncols == 21:
df.columns = std_cols 21
#21 Ft% L CREFTE S
elif ncols == 16:
df.columns = std_cols_16
df.rename(columns=col_map_ 16to21, inplace=True)
# 16 FIE BRI 513 NaN
for cin std_cols 21:
if ¢ not in df.columns:
df[c] = np.nan
# DATE #rifEfL
df'DATE'] = pd.to_datetime(df['DATE'], errors='coerce")
df]'source_month'] = month name
all_months.append(df)
print(f*  {month name}: {len(df)} rows, {ncols} cols -> 21 cols")
df all = pd.concat(all_months, ignore index=True)
print(f"\n2025 total: {len(df all)} rows, {len(df all.columns)} cols")

return df all

# ... GERARHD I3 bR

x5

el Y R %55 XGBoost/RF Tl

# -*- coding: utf-8 -*-

nmn

e 1. RFAESIE + NTU F

VIF $:28P: — Spearman/MI/RE-MDI/SHAP [ 2 i %
— XGBoost + RF + &A% EIH — &3 & N5E

— SHAP Dependence Plot + ## & — Excel #ith
import pandas as pd, numpy as np, os, warnings

warnings.filterwarnings('ignore")
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matplotlib.use('Agg")

# Mo &

sns.set_style("whitegrid")

FIG_DIR = os.path.join(BASE, "figures")

OUT _DIR = os.path.join(BASE, "output")

os.makedirs(FIG_DIR, exist ok=True)

os.makedirs(OUT_DIR, exist ok=True)

# INIIE=% €/

df = pd.read_pickle(os.path.join(BASE, "data cleaned", "df 2025 clean.pkl"))

df 2026 = pd.read_pickle(os.path.join(BASE, "data cleaned", "df 2026 clean.pkl"))

# 2. RFHIE TR

TARGET ='NTU' # HJ 7KihJE

# ] HIAFAESR

feature candidates = ['[RIVER LEVEL','R/W FLOW','R/W NTU'",'R/W CLR',R/W PH',
'FILT. NTU','C/W WELL LEVEL','’PH','CLR','CL2',/ALUM,
'"T/W FLOW','hour_sin','hour_cos']

# AR
for ¢ in feature candidates:
if ¢ in df.columns:

df[c] = pd.to_numeric(df]c], errors='coerce')
# RIRXISE: MG ERE G 4h 57 = lag-2 2B)
# AGIARKAGE, AT PR LR
for col in ['R/W NTU',R/W FLOW','R/W PH',RIVER LEVEL')ALUMY:

if col in df.columns:

dfff{col} lagl']= df[col].shift(1)  # ¥ )5 2 /A

dfff{col} lag2']= df[col].shift(2)  # ¥ )5 4 /NS

dfff{col} lag3']= df[col].shift(3) # ¥ii)5 6 /NES
# AR CGREAMR)
df['NTU lagl'] = dff TARGET].shift(1)
df['NTU lag2'] = dff TARGET].shift(2)
# RN G THRIE
df['R/W_NTU roll3'] = df['R/W NTU"].rolling(3).mean()
df['R/W_NTU roll6'] = df['R/W NTU"].rolling(6).mean()
# HORTRHIESIR (NN SRR
lag_features = [f'{col} lagl' for col in [[R/W NTU','R/W FLOW',R/W PH',/RIVER LEVEL',/ALUM']] +
\

[f'{col} lag2' for col in [[R/W NTU''R/W FLOW'ALUM']] +\
[NTU lagl'!NTU lag2''R/W_NTU roll3'R/W_NTU roll6']

all_features = [c for ¢ in feature candidates + lag_features if ¢ in df.columns]
# MBR NaN 47 i shift 721D
df model = dffall features + [TARGET,'DATE','datetime']].dropna().copy()
print(f"Modeling data: {df model.shape[0]} rows x {len(all features)} features")
print(f'Date range: {df model['DATE'].min()} to {df model['DATE"].max()}")
# 3. VIF e CZerER )
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print("\n--- VIF Analysis ---")
X vif = df model[feature candidates].copy()

# .. GERALHD I3 bR

M 6

A 198 ——CCF A5 ARIMAX Fh72s iis s

# -*- coding: utf-8 -*-

nmn

) 2: BhAKAEAY (FILT.NTU)

ADF — AR(p)Fil 14t — CCF(Fl k%) + i J5 HAS S — Bootstrap CI
— ARIMAX(lagged exogenous) — A& AR HF — T 255K 2-6h K5
import pandas as pd, numpy as np, os, warnings

warnings. filterwarnings('ignore")

import matplotlib

matplotlib.use('Agg")
sns.set_style("whitegrid")

FIG_DIR = os.path.join(BASE, "figures")
OUT _DIR = os.path.join(BASE, "output")

# IWIIEZ ¢
df = pd.read_pickle(os.path.join(BASE, "data cleaned", "df 2025 clean.pkl"))
# FH 21 5 A &8s (H ALUM %), $ZufEHE7

df = df.sort_values(['DATE', TIME']).dropna(subset='DATE'])

df['FILT. NTU'"] = pd.to_numeric(df['FILT. NTU'], errors='coerce")

df['R/W NTU'] = pd.to_numeric(df['R/W NTU'], errors='coerce')

df['R/W PH'] = pd.to_numeric(df['R/W PH'], errors='coerce")

df'ALUM'] = pd.to_numeric(df['ALUM'], errors='coerce')

df['R/W FLOW'] = pd.to_numeric(df['R/W FLOW'], errors='coerce")

TARGET = 'FILT. NTU'

INPUTS = ['R/W NTU', 'R/W PH', 'ALUM', 'R/W FLOW']

# Remove NaNs for time series

ts_data = df[[TARGET] + INPUTS].dropna().copy()

y =ts_data|[ TARGET].values

X vars = {name: ts_data[name].values for name in INPUTS}

print(f"Time series length: {len(y)}")
print(f"FILT.NTU: mean={y.mean():.4f}, std={y.std():.4f}")
# 2. ADF “FAa ke %
print("\n--- ADF Stationarity Test ---")
for name, series in [('FILT. NTU', y)] + [(n, X vars[n]) for n in INPUTS]:

adf result = adfuller(series, autolag="AIC")

print(f"  {name}: ADF={adf result[0]:.4f}, p={adf result[1]:.4f}, stationary={adf result[1]<0.05}")
# 3.AR(p)iEH + CCF
print("\n--- Prewhitening + CCF ---")
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max _lag=12 # 24 hours
ccf results = {}
ccf raw = {}
for var_name in INPUTS:
x = X _vars[var_name]
# 3a. Raw CCF (without prewhitening)
raw_ccf = ccf(x, y, adjusted=False)[:max_lag+1]
ccf raw[var name] =raw_ccf
# 3b. Prewhitening: fit AR(p) to input, filter both
# AR order by AIC
best_aic, best p = np.inf, 1
for p in range(1, min(8, len(x)//10)):
try:
ar_model = ARIMA(x, order=(p, 0, 0))
ar_fit = ar_model.fit()
ifar_fit.aic <best aic:
best_aic, best p=ar fit.aic, p
# ... GERACRS W SCHER R

Mz 7

el )l =——RTD YA+ BILSTM 5% Z 45 IE VR A 4244

# -*- coding: utf-8 -*-

nmn

R 3. HLER-BUEIR SRS () NTU 1-12h Bl

JRESTE — n 228 B CSTR RTD — #5:47173 NTU physical

— BiLSTM+Attention ¥ Zf&1E — NTU_final

— MR + RS + 6 ERURE

import pandas as pd, numpy as np, os, warnings

warnings.filterwarnings('ignore")

matplotlib.use('Agg")

FIG_DIR = os.path.join(BASE, "figures")

OUT _DIR = os.path.join(BASE, "output")

# 1. Load data

df = pd.read_pickle(os.path.join(BASE, "data cleaned", "df 2025 clean.pkl"))

df = df.sort_values(['DATE', TIME']).dropna(subset='DATE'])

# Target: finished water NTU

TARGET = 'NTU'

for ¢ in [TARGET, 'FILT. NTU', 'C/W WELL LEVEL', 'T/W FLOW', 'R/W NTU', 'ALUM']:
df[c] = pd.to_numeric(dfc], errors='coerce")

# Key data

filt_ntu = df['FILT. NTU'"].values

finished ntu = dff TARGET].values
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well level = df['C/W WELL LEVEL'].values

tw_flow = df['T/W FLOW'].values

rw_ntu = df['R/W NTU'].values

alum = df['ALUM'].values

# Drop NaN

valid mask = ~(np.isnan(finished ntu) | np.isnan(filt_ntu))

filt_ntu = filt_ntu[valid mask]

finished ntu = finished ntu[valid mask]

well level = well level[valid_mask]

tw_flow = tw_flow[valid mask]

rw_ntu=rw_ntu[valid _mask]

alum = alum[valid_mask]

print(f"Valid samples: {len(finished ntu)}")

print(f"Finished NTU: mean={finished ntu.mean():.4f}, max={finished ntu.max():.4f}")

# 2. RTD Physical Model

print("\n--- RTD Physical Model ---")

# Estimate HRT: V/Q

#V ~ C/W WELL LEVEL * area (assume constant area for simplicity)

# Use average well level as proxy, T/W FLOW as Q

Q _mean = np.nanmean(tw_flow) # m3/h (approximate)

V_well=18000 # m3 (18ML = 18000 m3, from data description)

# Actually 18ML LEVEL and T/W FLOW are the relevant variables

# Use simpler: C/W WELL LEVEL as proxy for stored volume, typical clear well

# HRT estimate from data patterns

hrt_estimate = 4.0 # hours (typical clear well HRT)

#n-CSTR RTD function

defrt_density(t, n_tanks, tau):
"""Tanks-in-Series RTD: E(t) = (N/tau)"N * t"(N-1) * exp(-N*t/tau) / (N-1)!"""
from scipy.special import gamma
E = (n_tanks/tau)**n_tanks * t**(n_tanks-1) * np.exp(-n_tanks*t/tau) / gamma(n_tanks)
return E

# Convolution: NTU_physical(t) = integral of FILT(t-s) * E(s) ds

def physical model(filt_series, n_tanks=3, tau_hours=4.0, dt=2.0):

# ... GERACRS W SCHERL R

B 8

e B —HRE SRR R S S I — R AR

# -*- coding: utf-8 -*-

nmn

M)A 4: 7K TS PR

NI H R — B SRIE R LR S — BAHAHP 415 TR
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nmn
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import pandas as pd, numpy as np, os, warnings
warnings.filterwarnings('ignore")
import matplotlib
matplotlib.use('Agg")
FIG_DIR = os.path.join(BASE, "figures")
OUT _DIR = os.path.join(BASE, "output")
# 1. Jm#k 2026 HidfE
df = pd.read_pickle(os.path.join(BASE, "data cleaned", "df 2026 clean.pkl"))
df['NTU'] = pd.to_numeric(df['NTU'], errors='coerce")
df'DATE'] = pd.to_datetime(df['DATE'])
# i 2 51
df risk = df[['DATE', TIME',/NTU',MONTH','DAY"]].dropna(subset=['DATE','NTU'"])
df risk['hour'] = df risk['TIME'].astype(int) // 100
df risk = df risk.sort _values(['DATE','hour'])
print(f'Risk  data: {len(df risk)} rows, Date  range: {df risk['DATE'].min()}
{df risk['DATE'].max()}")
# 2. MG — HERE
STANDARD =1.0 # ¥z
daily records =[]
for date, group in df risk.groupby('DATE"):
ntu_vals = group['NTU'].values

n_total = len(ntu_vals)
# PRI (BRI
exceed magnitudes = np.maximum(0, (ntu_vals - STANDARD) / STANDARD) #n
# RPN B KIESE bR
exceeded = (ntu_vals > STANDARD).astype(int)
max_consecutive =0
current_run =0
for v in exceeded:
ifv=1:
current_run += 1
max_consecutive = max(max_consecutive, current_run)
else:
current_run =0
exceed hours = max_consecutive * 2 # ¥ /N (B2 2h)
# P S bR 2
avg_exceed = np.mean(exceed magnitudes) if n_total > 0 else 0
max_exceed = np.max(exceed magnitudes) if n_total > 0 else 0
max_ntu = np.max(ntu_vals) if n_total > 0 else 0
daily_records.append({
'DATE': date,
'month': date.month,
'day": date.day,

'‘avg NTU": np.mean(ntu_vals),

to
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M 9

N HAEREARE — SRS EC SRS i

# -*- coding: utf-8 -*-

nmn

BILE: BRI SR

9.1 [M@—: ZHRHIE + SHAP Kk

9.2 [ W REBE + MANICR + EZEIESTE

9.3 [ =: MHSHREE + HAE + HFEI

9.4 AN FIEERMEREE + —EEHRPWE + REUHEX
import pandas as pd, numpy as np, os, warnings
warnings.filterwarnings('ignore")

matplotlib.use('Agg")

FIG_DIR = os.path.join(BASE, "figures")

OUT _DIR = os.path.join(BASE, "output")

# 9.1 [n] @l — AR AS 56

print("="*60)
print("9.1 Problem 1 - Model Validation")
print("="*60)
df = pd.read_pickle(os.path.join(BASE, "data cleaned", "df 2025 clean.pkl"))
df = df.sort_values(['DATE', TIME'])
# Prepare data same as problem 1
TARGET = 'NTU'
feature candidates = ['[RIVER LEVEL','R/W FLOW','R/W NTU'",R/W CLR',R/W PH',
'FILT. NTU','C/W WELL LEVEL','’PH','CLR",'CL2',/ALUM,
'"T/W FLOW','hour_sin','hour_cos']
for ¢ in feature candidates:
if ¢ in df.columns:
df[c] = pd.to_numeric(df]c], errors='coerce')
# Lag features
for col in ['R/W NTU',R/W FLOW''R/W PH', RIVER LEVEL')ALUMY:
if col in df.columns:
df[f'{col} lagl'] = df[col].shift(1)
df[f'{col} lag2'] = df[col].shift(2)
df['NTU lagl'] = dff TARGET].shift(1)
df['NTU lag2'] = dff TARGET].shift(2)
df['R/W_NTU roll3'] = df['R/W NTU"].rolling(3).mean()
lag_features = [c for ¢ in df.columns if ' lag' in ¢ or ' roll' in ¢]
all_features = [c for ¢ in feature candidates + lag_features if ¢ in df.columns]
top_features = ['NTU lagl','FILT. NTU',)NTU lag2','T/W FLOW',R/W FLOW',

'R/W NTU,'R/W FLOW _lagl''RIVER LEVEL lagl''C/W WELL LEVEL']

# from
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QI results
top_features = [c for ¢ in top_features if ¢ in df.columns]
df model = dfftop_features + [TARGET]].dropna()
X =df model[top_ features].values
y = df model[TARGET].values
n = len(X)
# --- 9.1a RF parameter sensitivity (n_estimators +/- 10%,20%) ---
print("\n--- RF Parameter Sensitivity ---")
base n= 100
changes = [0.80, 0.90, 0.95, 1.00, 1.05, 1.10, 1.20]
sens_results =[]
# ... GERACRS W SCHER R
df risk['hour'] = df risk['TIME'].astype(int) // 100
df risk = df risk.sort _values(['DATE','hour'])
print(f"Risk data: {len(df risk)} rows, Date range: {df risk['DATE'].min()} to {df risk['[DATE'].max()}")
# 2. MG — HERE
STANDARD =1.0 # ¥z
daily records =[]
for date, group in df risk.groupby('DATE"):
ntu_vals = group['NTU'].values

n_total = len(ntu_vals)
i RERRIREE (RN
exceed magnitudes = np.maximum(0, (ntu_vals - STANDARD) / STANDARD) #n
# RPN B KIESE bR
exceeded = (ntu_vals > STANDARD).astype(int)
max_consecutive =0
current_run =0
for v in exceeded:
ifv=1:
current_run += 1
max_consecutive = max(max_consecutive, current_run)
else:
current_run =0
exceed hours = max_consecutive * 2 # FE¥ /N (520 2h)
# -V S bR
avg_exceed = np.mean(exceed magnitudes) if n_total > 0 else 0
max_exceed = np.max(exceed magnitudes) if n_total > 0 else 0
max_ntu =np.max(ntu_vals) if n_total > 0 else 0
daily_records.append({
'DATE'": date,
'month': date.month,
'day": date.day,
'‘avg NTU": np.mean(ntu_vals),

# ... GBS WSCHEMED
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