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Fig. 1 PNNPlus instrument structure diagram
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Table 1 PNNPlus instrument performance indicators
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Fig. 2 Schematic diagram of neutron lifetime mode
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Table 2 Comparison of remaining oil logging methods
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Fig. 3 PNNPlus logging interpretation results graph of Wu * well
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Table 3 PNNPlus logging interpretation results of Wu * well
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CEA. /m /m Jeu. /% WAIE/% WAE/ % WRE/% 4 g1k
12 1252. 00 1267. 30 15. 30 14. 62 12.52 5.05 3.19 2. 90 K2 K2
13 1267. 80 1280. 40 12. 60 15.12 13.79 11. 02 13.37 10. 38 K2 Kz
14 1295. 40 1304. 40 9. 00 17. 48 11.52 8.42 6.61 7.27 K2 K2
15 1317. 10 1321. 60 4.50 21. 20 16. 02 21.79 24. 72 22. 96 T2 T2
16, 1321. 60 1324. 10 2.50 15. 81 19. 16 48. 52 43.13 40. 76 2 K&K
16, 1324. 10 1325. 20 1. 10 17.48 16. 56 47. 86 31. 34 30. 33 )2 hE K
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165 1328.40 1331. 50 3. 10 15. 96 20. 33 54. 20 50. 10 42. 68 2 &K
17 1331. 50 1335. 10 3. 60 14. 45 20. 61 37.57 37.87 34. 25 K2 KIZE
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Fig. 4 PNNPlus logging interpretation results graph of Bai * well
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Table 4 PNNPlus logging interpretation results of Bai * well

oy TR JE IR ZERE ARMDS  fEREmE EIEEM DA mUEEM DAL RS fLBE  SAKmA fift e
7 m /m /m JAPL Jeu  MESEREE RENmAELE R/% /% B/ % gEif
15 1542.3 1544.1 1. 8 61.7 21.9 1. 92 1. 93 32.4 11.1 85.2 T2
16-1 1544.1 1551.6 7.5 37. 4 11.6 1.99 1. 90 8.4 17.3 41. 6 2
16-2 1544.1 1551.6 7.5 27.6 13.4 1. 90 1.93 3.8 17.6 59. 8 WK 2
17 1552.4 1563.6  11.2 34. 6 14.5 1. 94 1.81 9.5 17.5 76. 1 KIZ

2.3 HhemHER
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Table 5 Completion logging interpretation results of Hao * well

[T ot J/isf7S BIE EPBHAR AR AKREAM BAMT JRREE FLBE BiERE iR fER

/m /m /m /Qem /(ps/m) /mV /API /% /% /md B/ % 4518
44 yl0 2028.00 2031.80 3.80 6.25 233. 81 —37.37 67. 88 21.91 12.73 3.98 49.76 T2
45  yl0 2031.80 2036.00 4.20 7.85 222.24  —65.21 34. 16 7.46 10.53 2.39 46. 20 iD=
46 yl0 2036.00 2038.00 2.00 7.03 221.37  —66.86 32.53 7.15 10. 28 2.33 41.24 K IE)Z
47 y10 2038.00 2045.80 7.80 5.36 228.83  —61.79 39.09 9.73 11. 65 3. 40 40. 42 IKIE

# 6 8 x F PNNPLus fBfI B HMBBEHRE
Table 6 PNNPlus saturation logging interpretation results of Hao * well

2E B2 TR R BE OB KB F#0 PNNPlus %88 PNN &9l PNNPlus % PNNPlus

/m /m /m  HE/CPS B /CPS /c. u. FLBREE /20 WRIBE/ Y6 MRORNEE/ Y0 MMRAIREE/ Y6 H5iR
40 yl0 2001.40 2002.40 1.00  881.57 172. 49 20. 27 1. 80 19.12 4. 27 3.74 KIZ
41 yl0 2005.30 2009.60 4.30 1010.86 187.59 12. 96 12.05 5.79 50. 29 49. 14 KIZE
42 ylo 2015.10 2017.00 1.90  881.11 174. 69 19.15 8.59 18. 90 26.77 22. 88 K2
43 yl0 2018.10 2018.90 0.80  838.20 159. 96 21. 00 5. 30 33.59 12. 03 10. 98 T2
44 yl0 2028.00 2031.80 3.80  925.75 184. 35 17.73 6.77 49. 84 24. 87 23.75 Tz
45  yl0 2031.80 2036.00 4.20 1170.47 222. 54 11.83 11. 42 46. 68 50. 40 50. 21 2
46 yl0 2036.00 2038.00 2.00 1182.07 221. 46 11.94 10. 96 41. 29 47.55 47.01 K 6] )2
47 yl0 2038.00 2045.80 7.80 1078.09 194. 29 12. 96 12. 54 40. 22 53.16 52.19 Kz
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50. 21 %0 LR A R Z iE . (2% 46 B AJZH
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221.46CPS,PNN ffu FI £ &y 47. 55 % , PNNP {1
AT 01 %, T T A RN BEAIR T 56 45 2. 55 R B
oK FZE . (DR 5 R 6 X Al L A
TESE 10 H B JZ (45 F1 46 J2), PNNPLUS fL Bt



FEAHRASHR
40 Chinese Petroleum and Natural Gas Research

iy Bk LR E m . ]
100 (%) o # ’hE &
it W (BT JEALBRE B i i
S (E) EUNPS ] FTT) (%) 0 b3 g
| __HAWR R LI SeIkAK A i; 2
2 [0 (mv) 100 75000 (mV) _ 5000]0 0[i00 """ ®) """ ®
eI 2 K HKLSN PNNAK i
0 (APD) 250 150 — (us/m) 40050 (CPS) " T600[T00 % 0
PNN{j Fi JEHHERSSN PNNP & 7K H i i
0 API) 250 55 (C) 701500 (CPS 2000100 % 0|
~ - ra ) -
E i y & T
- ?; H s 1 | 3 e
PpZaPd L L
ST ¢ Ay
\ ¢ L
B / 1 j »(I 0
A ! ] L (F=
// (\ < g ‘-’
= Y |>
(\. \ % ) a <2
~ / & M L
[~ 53 o E: 2 = -
< = oS T ==
¢ N
© 4 ) ‘é'
Y \, l—> 3 / _;'5'
Vs | b & |
T \ ol -
\ X p
e A PR .
\ ~ 3 p =
N \‘\ § My ‘/> ‘Qg
=] 1, -
> ! B K
! Z 3
! 3 7
> % }
! /
q

™
N
~
—~
=
o,
/W/\\i\i v
h
8

0€0T
& ""q AI‘,\

~ ]
N
PAC I ad b ) TAT OV S TR

N SN P

\//\,_
|

N Y e

0¥0T
SN =T  ap T e P
VA
'“)-m | m ]

o
> - P =
. 5
X HEREEYA
o —
?\\ R IIE =

5 #% » 3 PNNPlus MU H 28 X R B
Fig. 5 PNNPlus logging interpretation results graph of Hao * well
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PNNPIlus Saturation Logging Technology And Its Application
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Abstract: As oilfield enters middle and late stages of exploitation,the dynamic monitoring of oil saturation
has become an essential part for grasping the distribution of remaining oil and improving the crude oil re-
covery. PNNPIlus is a new saturation logging technology that adds two activated gamma probes on the basis
of thermal neutron lifetime logging using neutron probes to assist in determining the water content of the
reservoir, but its adaptability for residual oil saturation monitoring in low-porosity and low-permeability
formation is unclear. Therefore, this paper researches and analyzes the adaptability of PNNPlus saturation
logging technology by taking the Longdong Oilfield in the Ordos Basin as the research object. It is shown
that:the PNNPlus logging technology is suitable for evaluating the remaining oil saturation of the medium-
low porosity reservoir in the Longdong Oilfield as the PNNPlus logging results are consistent with the oil
saturation of completed wells and the interpretation conclusions can accurately evaluate the remaining oil
saturation; The water saturation of the formation calculated by the oxygen content in the formation as de-
tected by PNNPlus logging tool and the macro-capture cross-section Sigma,combined with the oil satura-
tion,completion logging data,and geological data,can accurately identify and divide water-flooded layers;
The formation porosity obtained from PNNPlus logging deviates from that obtained from completion log-
ging by 0. 5% ,but matches well with the oil saturation of the oil layer and water layer obtained from com-
pletion logging.

Keywords: PNNPIlus; saturation logging; interpretation principle; remaining oil distribution; water-flooded
layer evaluation
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