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The Impact of Temperature & Pressure on Borehole Fluids Density

Luo Yuwei,Zhu Jianglin, Li Dong,Fang Guowei,Ling Weihan

(Oilfield Chemicals Department of China Oilfield Services Ltd. , Sanhe, Hebei,065201, China)

Abstract: The safety pressure window is narrow in deep well with HPHT conditions, the differential
pressure and differential temperature at different depth of wellbore are very huge;at the same time, the
density of the fluid in the well would change when expanding due to formation heat and pressure of fluid
column;therefore the improper selection of initial density of in-well fluid would lead to pressure instability.
With independently developed HTHP fluid density measuring apparatus,the experiment was conducted to
test the influence of temperature and pressure on fresh water, spacer fluid, water mud and mineral oil densi-
ty and relevant curves were obtained;the proper density model for temperature and pressure change in well
cementation was selected—Dodson-Standing Model; With Drillbench software, the water-based and oil-
based drilling fluid with initial in-well density of 1. 2 kg/L and 2. 0 kg/L was calculated,four corresponding
curves,including static equivalent density variation curve were acquired under different geo-thermal gradi-
ent. These curves could serve as reference to the density design of drilling fluid and cement slurry for deep
wells under HTHP conditions. The experiment results indicated that,in the wells deeper than 5000 m with
BHST higher than 270 “C, the density of water-based fluid could be decreased by 5.58% and that of oil-
based fluid decreased by 6. 41% ,compared with the in-well density of 1.2 g/L.
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Fig. 1 Sketch of measuring apparatus for HTHP fluid density

FH K i e 0 3 P 9 A R S R B A — > 5 P BT
e il R T PR BT . A b e R R TR T R B B
Az A FRUIRZ T RIS 406 1) 52 ) 5 48 A 3 AV B2 Jik 3R 851
BB HIAE , SR BE L 2.5 om (48 1A b RE 22 1 g ik 1
1 8X107° m/(m « C) ., BI IR BE T 200 C L& F
BN AL AT LA Z BN

TR RS FE 7040 B 5 8% K U A%
TR WS 43 2B AR A 350 T 58 N [R) Y T I B
(] R H B 38 BB ADL O T PR R B Y BOK

EhERMAZEEEH PVT Z HERERS
8. PVT 23 a8 1 28 17 B o i 45 ) 28 1k K 07, 8%
o R 5 R G EAR T it 25 78 TR ) T HE 3 & ZEALHS 10
SN AR IS

1.2 REEIE

28 VR PN 6 A 2 B R R ) B8 A S
RBUR A 254k B PVT M6 7= A S, R HL
] 2R GEH 1 B e SR T AR I A A A P Y
PRBL. IS L 22 A P 0 0L R o e A A L (R AR
INKRAE GZ AR RUA 250 mL) , AT AT 3153 4 a2

TREE RN ) N M AR S BE RN, AR
o (OOVO
oV +av (1)

2o, UL MR 3 T A0 0 B L kg /L5 Vo I B R
BomLs o WARIET B ke/Ls AV A SR
2 AR A AR, mL,

1.3 REHE

IDJRF L TR NVNE - I S WS PRy S 454 |
B F Z ARTIURE S I A K

2) A 2 Frow il AR R G BASUK JE S At
e 58 38 ) 30 ML AR IS A o 8 A [) 0 4 L A it
PE07 % BB — A B 4 1E IR 30 min BB 0

AT

Y-

2 HEREERAE

Fig. 2 Experiment temperature control methods diagram
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Fig. 3 The influence of temperature on the fluid density
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Fig. 4 The influence of pressure on the fluid density
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Table 1  The influence of temperature and pressure on the

downhole fluid density

B/ (kg LD

HE®/m  REE/C IR/ MPa
WOk MBI

0 20 0.1 1.000  1.040  0.850
445 27 7.2 1.019  1.051  0.912
1237 50 20.0 1.011
1620 62 26. 2 1.042  0.843
2 300 81 37.2 0.998  1.038  0.842
2 944 101 47.6 0.997  1.037  0.838
3327 112 53.8 0. 834
3580 120 57.9 0.998  1.034

r % 1 Al e TR AR H A RCEAE R
W 0~2 944 m, FE B W IR K R0 9 1 3 2% 4 )
W /N 0. 288 % .0. 300 % F1 1. 400% .
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Table 2 Comparison of measured cement slurry density with that of calculated by different calculating models

HRE/ (kg e LY

HB/m IR IR/ °C HIRES)/MPa i R B/ mL

S Dodson-Standing 5 %4 Sorelle Y
0 20 0.1 0 1. 895 1. 900 1. 900
1 000 50 18.6 —3.03 1.914 1.902 1. 887
2 000 80 37.3 0.65 1. 889 1. 894 1. 868
3 000 110 55.8 2.71 1. 870 1. 878 1. 850
T 3R P T T S B 2 R i S S B ME
EhH R HE (kg L) FEHR A R (ke L)
111 112 113 114 LI5S 116 117 118 119 120 191 192 193 194 195 196 197 198 199 200
500 - — HijE R ES 1C/100m 500 F  — Hf B HES 'C/100m
LOOO | — s #hjizd "C/100m 1000 — ysskigEd C/100m
1500 F — mhiEd6E3 'C/100m 1500 F  — HinsEBEHES C/100m
2000 | — MR B2 'C/100m 2000 F  — ii4EHE2 'T/100m
E 2500 —— 244 E 2500 —— gzqvpe
%3000} % 3000
3500 3500}
4000 1 4000
4500 4 500 -
5000 f——m o e e e e e e 5000 === e e e e e --
5500 F 5500
6 000 6 000
S L2 ky/L MEEHANBELERE B6 2.0 ke/L BESHROBEYBRE
Fig. 5 ESD of Oil-based mud with 1.2 kg/L density Fig. 6 ESD of Oil-based mud with 2. 0 kg/L density
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Fig. 7 ESD of Water-based mud with 1. 2 kg/L density Fig. 8 ESD of Water-based mud with 2. 0 kg/L density
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Table 3 Comparing the effect of temperature and pressure on the density of oil-based and water-based drilling fluids

CEIRIE R A

JHR/m THRH SR/ 1.2 kg/L /K3t 1. 2 kg/L i & 2.0 kg/L /K3 2.0 kg/L jii %k
0 20 0 0 0 0
3 000 170 2.66 3.66 1.55 2.39
4 000 220 4.25 5.08 2.55 3. 30
5 000 270 5.58 6.41 3. 30 4. 14
6 000 320 6.16 8. 40 3.55 4. 94

W MR EEES) 5 °C/100m,
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