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电厂灰场对地下水污染的数值模拟及污染预测
——以江苏徐塘电厂炮车灰场 F

-污染为例
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摘要　以江苏徐塘电厂炮车镇灰场为例,建立了炮车镇灰场及邻近地区地下水水质(污染) 模型,并选用灰渣溶滤

后产生的 F-作为模拟因子,对地下水水位变化和 F-浓度变化进行了数值模拟.最后利用模型对地下水中F-污染的

范围和程度进行了预测.结果表明,模型可靠、合理、实用,为建立灰场后所可能引起的对地下水污染的预测预报提

供了科学手段.
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1　研究区水文地质概况

徐塘电厂炮车灰场紧邻新沂市炮车镇居民

区,位于沂河冲积平原上,地势平坦(图1、图2) .

受灰场影响的含水层为全新统最上部一层厚约

7m 的砂层, 下伏由粘土、亚粘土构成的隔水

层. 地下水水位埋深1—2m, 主要接受大气降

水、农用灌溉水入渗补给. 地下水自西北、东北

向南流动,水力坡度较平缓,地下水的水化学类

型为HCO3-Ca型水. 当地地下水中F -的背景值

图1　研究区位置图 图2　研究区平面图 图3　计算区单元剖分图及参数分区图

约为 0. 20m g/ L .

2　数学模型及数值方法

研究地下水污染需要用2类偏微分方程来

描述:一个方程描述地下水的流动,另一个方程

描述污染物质(溶质)在地下水中的运移,两者

通过运动方程耦合起来.通过水流方程及相应

的初始条件和边界条件构成的地下水流模型[ 1]

可以求出地下水的水位;再通过地下水运动方

程
[ 1]

,求出地下水流的实际平均流速,代入污染

物质(溶质)运移方程,构成污染物质(溶质)运

移模型[ 2] ,求解该模型, 即可得到研究区内地.

下水中污染物质的浓度分布.

水流模型应用 Galerkin 有限元法求解.水

流方程为非线性方程, 需用迭代法[ 3]求解.

运动方程应用 Yeh 的方法求解 [ 4] .

求解溶质运移模型时为避免数值弥散,采

用特征有限元法进行求解[ 5] .

3　数值模拟及模拟结果

根据自然条件,评价需要和现有观测孔的



位置,圈定计算区的面积约1. 15km
2
(图2) .

根据水位和水质观测资料, 所有边界均作

一类边界处理.

采用3角形单元,线性插值, 将计算区划分

成为225个单元, 132个结点.已填灰渣坑及计划

用来填灰渣 的水塘内部划分了相当数量的单

元(图2) . 根据地貌、岩性特征,将计算区分为紧

图4　计算区初始流场图( 1995-04-05)

邻及远离古河道的2个区,每一区的内部假设是

均质各向同性的(图3) .

采用1995-04-05的实测资料作为初始流场

和初始浓度场(图4、图5) .模拟时间从1995-04-

27至同年08-03,共分7个时段, 步长为12—22d

不等.对全部10个观测孔各时刻的实测地下水

位和 F-浓度均进行了拟合比较,结果令人满意

图5　计算区 F-初始浓度场( 1995-04-05)

表1　水位观测值与计算值对比/ m

时段 　

观测孔19

观测 计算

　

观测孔19

观测 计算

　

观测孔21

观测 计算

　

观测孔45

观测 计算

　

观测孔44

观测 计算

　

观测孔43

观测 计算

　

观测孔73

观测 计算

1 　 22. 09 22. 08 　 22. 16 22. 02 　 21. 87 21. 85 　 21. 99 21. 93 　 22. 19 22. 10 　 22. 16 21. 95 　 22. 17 22. 12

2 　 21. 99 22. 03 　 21. 96 21. 97 　 21. 96 21. 81 　 27. 79 21. 80 　 21. 49 21. 57 　 21. 86 21. 87 　 22. 07 22. 07

3 　 21. 79 21. 96 　 21. 86 21. 91 　 21. 77 21. 77 　 21. 69 21. 76 　 21. 49 21. 54 　 21. 66 21. 84 　 21. 97 22. 05

4 　 21. 89 21. 95 　 21. 86 21. 90 　 21. 87 21. 74 　 21. 79 21. 70 　 21. 69 21. 68 　 21. 86 21. 79 　 22. 07 21. 99

5 　 21. 89 21. 94 　 21. 76 21. 88 　 21. 87 21. 71 　 21. 89 21. 81 　 21. 89 21. 80 　 21. 96 21. 73 　 22. 17 22. 10

6 　 22. 09 22. 13 　 21. 96 22. 07 　 21. 97 21. 91 　 21. 89 21. 85 　 21. 99 21. 84 　 22. 06 21. 95 　 22. 17 22. 15

7 　 21. 99 21. 99 　 21. 86 21. 94 　 21. 76 21. 80 　 21. 69 21. 79 　 21. 79 21. 78 　 21. 86 21. 88 　 21. 97 22. 09

表2　F- 浓度观测值与计算值对比/ mg L - 1

时段 　

观测孔17

观测 计算

　

观测孔19

观测 计算

　

观测孔21

观测 计算

　

观测孔45

观测 计算

　

观测孔44

观测 计算

　

观测孔43

观测 计算

　

观测孔73

观测 计算

　

观测孔75

观测 计算

1 　 0. 61 0. 58 　 0. 29 0. 26 　 0. 20 0. 15 　 0. 29 0. 23 　 0. 44 0. 40 　 0. 29 0. 21 　 0. 68 0. 64 　 0. 03 0. 02

2 　 0. 24 0. 20 　 0. 20 0. 14 　 0. 15 0. 11 　 0. 24 0. 23 　 0. 44 0. 36 　 0. 31 0. 25 　 0. 20 0. 15 　 0. 43 0. 40

3 　 0. 20 0. 17 　 0. 31 0. 26 　 0. 44 0. 42 　 0. 19 0. 15 　 0. 44 0. 41 　 0. 20 0. 15 　 0. 28 0. 25 　 0. 19 0. 15

4 　 0. 90 0. 86 　 0. 38 0. 36 　 0. 30 0. 27 　 0. 95 0. 91 　 1. 40 1. 37 　 1. 10 1. 05 　 0. 90 0. 86 　 1. 10 1. 05

5 　 0. 60 0. 59 　 0. 38 0. 37 　 0. 39 0. 35 　 0. 58 0. 54 　 0. 62 0. 60 　 0. 58 0. 51 　 0. 60 0. 55 　 0. 38 0. 33

6 　 0. 46 0. 44 　 0. 38 0. 35 　 0. 30 0. 25 　 0. 54 0. 48 　 1. 10 1. 07 　 0. 46 0. 41 　 0. 32 0. 25 　 0. 74 0. 70

7 　 0. 47 0. 43 　 0. 25 0. 22 　 0. 25 0. 18 　 0. 42 0. 39 　 0. 80 0. 76 　 0. 56 0. 46 　 0. 36 0. 31 　 0. 80 0. 75

(表1、表2) . 模拟值与观测值拟合良好. 应用试

估-校正法和单纯形法通过模型识别求得的参

数列于表3中.

为了进一步考核模型,把前面反求出的参

数和相应的数学模型模拟1995-08-03—08-29

的水位及浓度变化. 各观测孔各时段水位计算
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值与观测值的最大绝对误差为0. 25m ,平均绝

对误差为0. 11m ; 相应的 F
-浓度计算值与观测

值的最大绝对误差为0. 098mg / L , 平均绝对误

差为0. 05mg / L .所有结果显示2者基本一致.图

6、图7为模拟所得的计算区流场图和 F
-
浓度等

值线图.

表3　参数值

分区

号

渗透系数

/ m d-1
给水度

弥散度/ m

L T

降雨入

渗系数

1 12. 15 0. 10 3. 9 0. 6 0. 1

2 18. 03 0. 12 5. 0 0. 8

图6　模拟所得的地下水流场( 1995-08-29)

图7　模拟所得的 F- 浓度等值线图( 1995-08-29)

4　模拟结果分析

模拟再现了1995-04—1995-08新沂市炮车

镇灰场浅层潜水水位和 F
-
浓度场变化的全过

程,有一定的时间长度,情况也比较复杂.

拟合阶段与检验阶段各观测孔各时段水头

拟合结果总平均绝对误差为0. 15m ,相应的 F
-

浓度总平均误差为0. 015mg / L , 结果令人满意

(图6、7) .

求得的参数与当地实际资料一致. 弥散度

值当地虽无资料可对比, 但与我国山东龙口[ 2]

以及国外资料相比在数量级上也是一致的.

所得水头分布和 F
-
浓度分布清晰地显示

出地下水位动态及 F
-
浓度逐渐增长并不断向

下游扩散的情况,与实际情况一致(图6、7) .

本文建立的模型合理,反映了研究区的主

要因素,不仅能再现地下水水位动态和 F
-
浓度

分布,还能反映抽水条件下, 灰场所引起的 F
-

污染的演化和发展.因此,它能为电厂贮灰场所

引起的地下水中污染物的运移及其对环境影响

的预测、预报提供科学手段.

5　污染预测

炮车镇西头的灰场早已填满并覆土还田.

按规划2000年起拟利用镇东北2个水塘作为新

的贮灰场, 由西向东逐步充填, 计划2008年填

满.本文预报了新灰场启用后对地下水水质的

影响.

根据徐塘电厂提供的有关未来灰渣的数

据,假设现有地下水开采量不变,降水量采用多

年平均降水量,运用所建模型进行了污染预测,

结果显示新灰场起用后下游地下水中 F
-浓度

有所增高,并呈羽状向下游延伸(图8) , 但增高

量有限,只在新灰场中心附近出现 F-浓度超 过

lmg / L 的情况(我国现有饮用水标准中对 F
-
的

浓度要求小于 lmg / L ) .考虑到现有炮车镇灰场

附近已观测到地下水中 F -浓度超过 lm g/ L 的

情况,多年后新灰场附近也可能出现类似情况,

需要密切注意.

图8　预测的 F-浓度等值线图( 2010-08-29)

(下转第67页)
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表5　各水样的致突变结果(MR 值) 1)

水样

T A98

NF 　 RO

水样剂量/ L 皿-1 M R 　 水样剂量/ L 皿-1 M R

T A100

NF 　 RO

水样剂量/L 皿-1 M R 　 水样剂量/ L 皿-1 M R

自

来

水

1 35. 7 　 3 23. 3 　 1 2. 7 　 3 2. 7

0. 5 15. 5 　 1 7. 5 　 0. 5 2. 3 　 1 1. 9

0. 25 12. 1 　 0. 5 5. 4 　 0. 25 2. 0 　 0. 5 1. 4

r= 0. 979 　 r = 0. 9966 　 r= 0. 9934 　 r = 0. 9799

膜2)

进

水

3 38. 7 　 3 10. 5 　 3 2. 5 　 3 2. 1

1 16. 6 　 1 8. 6 　 1 2. 0 　 1 1. 7

0. 5 10. 7 　 0. 5 7. 4 　 0. 5 1. 99 　 0. 5 1. 3

r= 0. 9999 　 r = 0. 9734 　 r= 0. 9929 　 r = 0. 9188

膜

出

水

5 1. 18 　 5 1. 5 　 3 1. 4 　 3 1. 8

3 1. 02 　 3 1. 4 　 1 1. 1 　 1 1. 2

1 0. 97 　 1 1. 0 　 0. 5 0. 9 　 0. 5 0. 95

0. 5 0. 43 　 0. 5 0. 96

　　1)表中 r 为相关系数　2)自来水经过活性炭柱和保安过滤器的预处理

表6　RO与 NF 对离子的去除率比较/ m g L -1

膜 K + Na+ Ca2+ M g2+ Al 3+ F- Cl - NO -
3 S O2-

4

RO
进水 4. 453 12. 56 37. 70 9. 123 0. 0038 0. 615 31. 751 15. 966 58. 78

出水 0. 0397 0. 3161 0. 007 0. 0187 0. 000 0. 107 0. 843 0. 221 未检出

去除率/ % 99. 11 97. 13 99. 98 99. 80 100 82. 60 97. 34 98. 62 100

NF
进水 4. 516 12. 64 39. 37 9. 281 0. 0153 0. 562 33. 403 8. 138 67. 26

NF 出水 0. 5376 1. 413 0. 1648 0. 0631 0. 000 0. 100 2. 448 0. 276 0. 263

去除率/ % 88. 10 88. 82 99. 58 99. 32 100 82. 21 92. 67 96. 61 99. 61

4　结论

( 1)同等压力下, NF 的产水量和回收率比

RO 大1倍,脱盐率比 RO 低4%左右.

( 2) NF 对 TOC 的去除率高于 RO,对常规

项目的去除率与 RO 差别不大. 2种膜对致突变

物的去除率都很高. NF 作为饮用水的深度处

理技术上是可行的.
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6　结语

新灰场建成后可能会引起炮车地区地下水

中 F
-浓度相应增高.地下水一旦污染后, 治理

非常困难,而且灰场紧邻炮车镇居民区,为了保

证人民群众的安全, 有关部门必须对周围地下

水 F
-
含量及其他可能的污染物进行定期监测,

一旦发现超标,立即采取相应的措施.
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on Pagr osomus maj or and Rhabdosargus sar-
ba. The acute tox icit ies o f the four pollutants
w er e in the sequence of isofenphos-methy l>
M n> Cu> m ethamidpho s. M n and methamid-
phos w ere equivalently tox ic to P . maj or and
R. sarba, Cu was almost equivalent ly to xic to
them , while the 96h median lethal concentra-
tio ns of isofenpho s-methyl w ere 0. 02mg / L
fo rP . maj or , and 0. 0014mg / L forR . sarba, re-
spect iv ely . The tox icity of iso fenphos-methyl
fo r P . maj or w as 13 tim es hig her than that for
R. sarba. T he tox icity of iso fenphos-methyl
w er e 174 t imes hig her than that of methamid-
phos for P . maj or. The to xicity o f iso fenphos-
methy l w as 2500 t imes that of methamidphos
fo r R . sarba. The addit iv e tox icity o f Cu-M n
and Cu-isofenpho s-methyl for tw o species
fishes w as show n to be antagonist ic, w hile
that of m ethamidphos-isofenphos-methyl w as
sy nerg ism.
Key words: P . maj or , R. sar ba, Cu, M n, math-
amidpho s, isofenphos-methy l, joint toxicity .

Microbial Treatment Technology f or the Elec-
troplating Wastewater. W u Qianjing et al.
( Chengdu Institute o f Biolog y, Chinese Acade-
my of Sciences, Chengdu 610041) : Chin. J . En-
viron. S ci . , 18( 5) , 1997, pp. 47—50
This paper has reported the new technology of
elect roplat ing w astew ater and sludge t reated
by m icrobies o n the basis o f fundamental re-
search, ex periment and pilot scale. T he dem on-
st rat ion project built o n Chengdu Jinjiang
Elect ronic Machine Facto ry has go t a go od re-
sult . Since then, four processes w hose t reat ing
capacity rang ed fro m 1 to 175 to ns/ d in
Chengdu Hong Guang Indust ry Lim ited Com -
pany, Chinese People Liber ation Army 5701
Factory etc. w er e established. The processes
hav e run steadily , safely and reliably for tw o
years. T he level of chro mium , zinc, copper,
nickle, cadmium , lead, COD, BOD, SS, pH, co l-
or deg ree and NH3-N in ef fluent is below the
nat ional GB8978-88 discharg e standard. The
w ater of eff luent can be r eused, the recov ery of
heavy m etal o f sludg e can r each abo ve 85%.
Key words: m icrobe, elect roplating w astew a-
ter , heavy metal , treatment technolog y,
sludge, reused, reco very.

Denitrification of Landfil l Leachate by
Thiobacillus denitrif icans. Koenig Albert
( Dept . of Civ il and Structural Eng. , T he U ni.
of Hong Kong ) , Liu Ling hua ( Water Qual ity
Research Center , China Inst itute of Water Re-
sources and Hydropo w er Research, Beijing
100044) : Chin. J . Env iron. Sci . , 18( 5) , 1997,
pp. 51—54
The feasibility o f nitr ate rem oval f rom nit ri-

fied landf il l leachate in reactors w ith dif fer ent
sulfur part icle size w as studied. T he results in-
dicate that the reactor w ith sul fur part icle
size of 2. 8- 5. 6 mm can effect ively remov e ni-
trate fro m nit rified leachate up to a co ncentra-
t io n of 400 mg / L NO

-
3 -N at a hydraulic reten-

t io n t ime o f 5. 71h; the m inimum hydraulic
retent io n t ime necessary for complete denitrif i-
cat ion depends o n sulfur par ticle size and in-
fluent nit rate concentrat ion; the maxim um
volum etric loading rate o f NO

-
3 -N depends on

sulfur part icle size and is appr oxim ately 594,
278 and 175. 4g / ( m

3
d) for sulfur part icle size

of 2. 8- 5. 6mm, 5. 6 - 11. 2mm and 11. 2-
16m m, r espect ively ; the max imum area
loading rate of N O-

3 -N, approx imately0. 68g /
( m

2
d) , appears to be the pro cess limit ing fac-

tor and is pr act ically independent of sulfur
par ticle size.
Key words: autot rophic denit rif icat io n,
bio film , T hiobacillus denit rif icans, sulfur ,
landf il l leachate, nit rate rem oval.

A Study on Treatment of Chemithermo-
mechanical Pulping Wastewater with the New
Technology by Combining ICZS and Activated
Sludge Method. Chen M in ( Guang dong Uni. of
T ech. , Environ. & Resource Eng. Dept . ,
Guangzhou, 510090) , Songnien Lou and H C
laude Lavall e ( Universit du Qu bec T rois-
Riv i res, Qu bec, Canada, G9A 5H7) : Chin. J .
Environ. S ci . , 18( 5) , 1997, pp. 55—58
It is invest igated that the tr eatment of
Chem ither mom echanical Pulping ( CTM P )
w astewater w ith new techno logy by com bining
Zone of Biolog ical Populat ion selection ( ICZS )
and act ivated sludge m ethod. T he control of
sludge bulking in act ivated sludge system of
CTM P treatment w ith this technolog y is dis-
cussed. T he three m onth ex periments show ed
that the slow ness o f filamentous m icroo rgan-
ism g row th is achiev ed and the sludgebulking
is contro lled w ith ICZS pret reatment by con-
trolling DO below 0. 06 m g/ L and pH 7- 7. 6.
T he biolo gical t reatment system w ith com bin-
ing ICZS and act iv ated sludg e m ethod can ob-
tain ef ficient t reatm ent . Rem oval of BOD5 ,
COD and TSS is abov e 97%, 80% and 90%
respect ively. ICZS pretreatment can remo ve
49. 0% - 62. 5% BOD5 and 18. 5% - 21. 9%
COD w ith only 20 minutes of HRT.
Key words : act ivated sludg e, chemithe rmo me-
chanical pulping w astew ater, sludg e bulking
co ntro l, f ilamentous m icroo rganism, zone of
bio logical po pulat io n select io n, BOD5 , COD,
T SS.

Numerical Simulation and Prediction for
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Groundwater Pollution near Waste Ash Ponds
of Coal-fired Power Plant—— A Case Study
for F

-
Pol lution in Paoche Ash Ponds of Xu-

tang Power Plant, Jiangsu Province. LiL i, Hai
Huang ( Dept. of Earth Sciences, Nanjing Uni-
versity, N anjing 210093) , Fahua Zhu ( Nan-
jing Environmental Protect ion Research Inst i-
tute fo r Elect ric Pow er, Nanjing 210031 ) :
Chin. J . Environ. Sci . , 18( 5) , 1997, pp. 59—61
A 2-dimensional pollutant t ransport m odel fo r
gr oundw ater po llut ion in the aquifer near ash
po nds of Xutang Co al-fired Po wer Plant w as
established in this paper, and select ing F - as
the simulating factor, the variations o f g round-
w ater hydr aulic heads and F

-
concentrat ion

w er e simulated. At last , the polluted area and
po llution, deg ree o f F

-
w er e predicted by the

model. According to the sim ulat ing results, the
model is reasonable, reliable and pract icable. It
pr ovides a scient ific method to predict the po l-
luted area and pollutio n deg ree caused by the
w aste ash ponds.
Key words: gro undw ater po llut ion, po llutant
t ranspo rt model , numerical simulation, pollu-
tio n predict io n, co al-fired po wer plant .

A Study of Pulsed Corona Discharges for
Methlene Chloride Destruction. Zheng Lei and
Jiang Xuanzhen ( Dept . of Chem ist ry, Zhejiang
University, Hang zhou, 310027) : Chin. J . Env i-
ron. Sci. , 18( 5) , 1997, pp. 62—64
in this paper , High voltage pulsed coro na Dis-
charges has been used fo r destr uction of meth-
lene chloride with concentrat ion o f 42. 8 mol/
L in air. Both posit ive and neg ative pulse gen-
er ator s w ere tested and fo und that the po sit ive
one can give much higher dest ruct ion ef ficien-
cy than that o n the naget ive one. T he value of
capacitors for pulse form ation ( Cp ) and the
material of elect rodes also inf luence the de-
st ruct ion eff iciency. A packed bed coro na r eac-
to r w ith 2—3 mm spherical BaTiO 3 pel lets as a
catalyst w as used in this ex periments. En-
hancement of CH2Cl2 dest ruct ion and the con-
version of 90% w ere demo nst rated. It may be
at tributed to the part ial co rona discharg e in-
duced by the contacted po ints between BaT iO 3

pellets, and then the density of cor ona w as en-
chanced. T he cor ona and cataly st combined
technology gives a bet ter dest ruct ion ef ficiency
co mpar ed w ith that w ithout BaT iO 3 cataly st .
Key words: pulse corona discharge, destr uc-
tio n, CH2Cl2 , BaT iO 3 .

Comparison of Effect for Removing Mutagens
and Inoganic Ions in Tap Watar by Revese Os-
mosis and Nanofiltration. L i L ingzhi ( Dept . of
Chem . , Pingding shan T eachers Colleg e,
Henan, 467002) , Zho u Rong and Wang Zhan-

sheng ( Dept . of Enviro n. Eng . , T singhua
Uni. , Beijing 100084) : Chin. J . Environ. S ci. ,
18( 5) , 1997, pp. 65—67
In order to g et superior drinking w ater, tap
w ater w as t reated respect iv ely by rev erse os-
mosis ( RO ) and nanof il trat ion ( NF ) in the
laboratory . T he removal effects of mutag ens
and io ns by Ro and NF w ere compared. The
Ames test results show ed that both RO and
NF could conv er t m utagenicity fro m posit ive
to negat ive, w hile the ions removal effects of
the RO and N F membr anes are dif ferent , the
remov al rate of one-valence posit ive ions
( Na

+ , K
+ ) by NF is tenpercent lo wer than

that by RO, the remo val rate of tw o valence
posit ive io ns ( Ca

2+ , M g
2+ ) is a lit t le low er

than that by RO. M ore ions w hich are benef i-
cial to human health pass through nanof ilt ra-
t io n mom brane into drinking w ater .
Key words : reverse o sm osis, nanof iltr ation, ad-
vanced w ater , m utagens, ino ganic ions, Ames
test .

Study on Wet Desulphurization with Pyrolusite
to Produce MnSO4 H2O in Smelting Plant.
Ning Ping , Sun Peishi et al. ( Dept . of Envi-
ron. and Chem . Eng. , Kunming U niversity
of Science and Technolog y, Kunm ing
650093) : Chin. J . Env iron. Sci . , 18( 5) , 1997,
pp. 68—70
An addit ional experim ent , in w hich reduced
pyrolusite ( m ade in laboratory ) is used as ab-
sor pt ion ag ent in wet desulphurizat io n to pro -
duce M nSO 4 H2O, has been do ne in a foam
tow er at a smelting plant . Opt imum conditions
for both reduction of py rolusite and absor pt ion
of SO 2 are obtained and pure of 95% M nSO 4

H2O has been produced by primary crystalliza-
t io n of the absorption mother liquor.
Key words: sufur diox ide, reduced pyr olusite,
w et desulphur ization, sm elt ing g as, fo am tow -
er .

Study on the Low Pressure Wet Catalytic Oxi-
dation Treatment of High Concentration and
Refractory Organic Wastewater. Yang Run-
chang , Zho u shut ian ( Dept . o f Enviro n.
Eng . , Dept . o f chem . Eng . Xiangtan Univer-
sity. Xiangtan 411105 ) : Chin. J . Envir on.
Sci. , 18( 5) , 1997, pp. 71—74
Based on catalyt ic w et air ox idat ion and Fen-
ton r eag ent , a new w et catalyt ic ox idat ion
( LPWCO ) metho d, w hich requires lo w pr es-
sure fo r the t reatment of high concentrat ion
and refr actory o rganic w astew ater w as stud-
ied. T he metho d compared w ith g ener al
catalyt ic w et air ox idation, the pressure of the
t reatm ent is 0. 1- 0. 6MPa, and the lat ter is
3. 5- 10M Pa . In addit ion, it s temperature is
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